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PREFACE 

To respond to the   na t iona l   needs  for improved p roduc t iv i ty   i n   eng inee r ing  
design and manufacturing, a NASA suppor ted   jo in t   indus t ry /government   p ro jec t  is 
underway  denoted  Integrated  Programs  for  Aerospace-Vehicle  Design (IPAD). The 
IPAD p r o j e c t   o b j e c t i v e  is to improve   engineer ing   product iv i ty   th rough  be t te r   use  
of  computer-aided  design and manufacturing (CAD/CAM) technology. I t  focuses  on 
developnent  of  technology and associated so f tware   fo r   i n t eg ra t ed  company-wide 
management of   engineer ing  information.  The IPAD p r o j e c t  is c a r r i e d  o u t  primar- 
i l y   t h r o u g h  a c o n t r a c t  to The Boeing Commerical Airplane Company under  the  guid- 
ance  of  an  Industry  Technical  Advisory Board (ITAB) composed o f   r ep resen ta t ives  
of major aerospace and  computer  companies.  Results to date are be l ieved   usefu l  
to a broad  segment  of  both aerospace and nonaerospace  organizations  concerned 
with computer-aided design and manufacturing (CAD/CAM) technology. To broaden 
awareness  of  this  technology, a s u m a r y   o f  IPAD project accomplishments  and 
p lans ,  as well as i n d u s t r y   a c t i v i t i e s  to explo i t   the   t echnology,  was presented.  
Program papers  sumnarized IPAD p r o j e c t  w o r k  to de f ine  a f u t u r e  company-based 
CAD system,  developments  underway to address the  c r i t i ca l  CAD issues of  handl- 
ing  company-wide engineering  information,  aerospace and  computer industry  exper-  
iences  and p lans  for e x p l o i t i n g  IPAD technology, and c lose ly   coupled  IPAD- 
related a c t i v i t i e s  underway through  such   e f for t s  as the  Air Force In t eg ra t ed  
Computer-Aided Manufacturing (ICAM) program.  This Symposium was cosponsored 
by the  NASA Langley  Research  Center and the  Industry  Technical   Advisory Board 
(ITAB) . 

This  document con ta ins   t he   manusc r ip t s   o f   t he   p re sen ta t ions  and the  pre-  
pared comments of the   pane l   d i scuss ion .  Use of trade names or names of manu- 
f a c t u r e r s   i n   t h i s   r e p o r t  does n o t   c o n s t i t u t e  an of f ic ia l   endorsement   o f   such  
products  or manufacturers ,   e i ther   expressed or implied,  by the   Na t iona l  Aero- 
nau t i c s  and  Space  Administration. 
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IPAD PROJECT OVERVIEW 

Dr. Robert E. Ful ton 
NASA Langley  Research Center 

Hampton, VA 

SUMMARY 

To respond to  national needs for  improved productivity i n  engineering 
design and manufacturing, a NASA supported j o i n t  industry/government  project 
is underway denoted Integrated Programs for  Aerospace-Vehicl e Design (IPAD). 
The objective i s  t o  improve engineering productivity  through better use  of 
computer technology. I t  focuses on development of  technology and associated 
software  for  integrated company-wi de management of engineering information. 
The  project has been underway since 1976 under the guidance  of  an  Industry 
Technical Advisory Board  (ITAB)  composed o f  representatives  of major  engineering 
and computer companies and in  close  collaboration w i t h  the  Air Force Integrated 
Computer-Aided Manufacturing (ICAM) program. Results t o  date on the IPAD 
project  include an in-depth  documentation  of a representative design process 
fo r  a large  engineering  project,  the  definition and design  of  computer-aided 
design  software needed t o  s u p p o r t  that  process, and the release  of  prototype 
software  to  integrate  selected  design  functions. Ongoing work concentrates 
on development of  prototype  software  to manage engineering  informati on, and 
init ial   software  is   nearing  release.   This paper  provides an overview o f  the  
IPAD project and summarizes goals,  plans, and progress to   da te .  

INTRODUCTION 

The national need fo r  improved productivity has become increasingly 
apparent  with  recent s ta t i s t ics   o f   zero   o r   nega t ive  growth i n  gross  national 
product.  Significant improvements in  aerospace  productivity  are  believed 
possible  through  effective  utilization of current and future  CAD/CAM technology 
( f igs .  1 and 2 ) .  A j o i n t  NASA/industry $15M project,  Integrated Programs for 
Aerospace-Vehicl e Design (IPAD) , has been  underway for  several  years and i s  
making significant  progress i n  advancing  integrated CAD/CAM technology. The 
project goal i s  to   increase U.S. aerospace  industry  productivity  through  applica- 
tion  of computers for  integrated company-wide  management of  engineering  data. 

In the ear ly  1 9 7 0 ' ~ ~  NASA-funded f eas ib i l i t y  studies (refs.  1 and 2) showed 
that  dramatic  increases i n  engineering  productivity were feas ib le  th rough  the 
automation of  routine  information hand1 i n g  tasks. These results, which were 
extensively reviewed by the aerospace and computer industry (refs.  3 and 4 )  , 
showed t h a t  such automation would directly  decrease  cost and f low time i n  the 
product  design  process and  would improve the  competitive  position  of the U.S. 
aerospace  industry. Based  on these and other   resul ts ,  NASA began the IPAD 
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project i n  1976 t o  develop  the  appropriate  technology and associated computer 
software. Work under the IPAD project i s  being  done pr incipal ly  through a 
NASA prime contract   to  The Boeing Commercial Airplane Company supported by 
appropriate  subcontracts and under the guidance  of an Industry  Technical 
Advisory Board  (ITAB)  composed of members of  aerospace and  computer  companies 
( f ig .  3 ) .  The ITAB concept  provides an innovative and ef fec t ive  management 
approach fo r   a   j o in t  industry/government h i g h  technology R&D e f f o r t   ( r e f .  5 ) .  
(See Appendix A for   a  summary of  industry  involvement i n  IPAD). 

IPAD software development i s  closely  coordinated w i t h  the U.S. Air Force 
Integrated Computer-Aided Manufacturing (ICAM) program, and several IPAD/ICAM 
coopera t ive   ac t iv i t ies   a re  underway o r  planned.  (See, f o r  example, re fs .  6 
and 7 ) .  NASA management of  software  development i s  supported by continuing 
independent  evaluation  of  software  performance  carried  out  through  a  contract 
to  Information  Research  Associates  (ref. 8 ) .  While IPAD software i s  being 
developed primarily  for  use by the  aerospace  industry, i t  should be useful 
i n  support o f  other complex processes  such  as  large  civil  engineering  projects, 
shipbuilding,  automotive  design,  electronics, and engineering  education  (refs. 9 ,  
10-13). Representatives from several  non-aerospace  organizations  serve  as 
observers  to ITAB and regular ly   par t ic ipate  i n  the review and c r i t i que  of 
ongoing work ( f i g .  3 ) .  

DEVELOPMENT  PLAN 

A fully  operational IPAD capabi l i ty  o f  t he   fu tu re   ( f ig .  4)  would  be 
composed of  system  software  including  executive,  data management,  and geometry/ 
graphics  software,  together w i t h  disciplinary  technical programs ins ta l led  i n  
IPAD t o  implement i t s  integrated  design  features and project .data .  The IPAD 
project  focuses on developing  prototype  system  software and  would use avai lable  
technical programs and data  for  software  evaluation and demonstration. I t  
would also  take  advantage o f  the   capabi l i t i es  o f  the  host computer in te rac t ive  
operating  system. 

Major IPAD project  tasks d u r i n g  FY 1976-82 (see  figs. 4 and 5) include 
(1)  def ini t ion o f  a  computer-aided  design  system  of  the  future  denoted Full IPAD; 
and ( 2 )  development of  First-Level IPAD software  principally composed o f  a  proto- 
type  engineering d a t a  management software  system  operational on CDC and IBM 
computers  supported by geometry and graphics  software  operational on a DEC VAX 
minicomputer. IPAD software development i s  being  carried  out  through  a  careful 
step-by-step  process encompassing aerospace  design  process  definition, system 
requirements  definition,  software  design, and software development ( f i g .  6 ) .  
The schedule i n  f igure 5 indicates   that   the  Full IPAD design has been completed; 
work i s  well into  the CDC development w i t h  geometry/graphics  software re1 eased; 
data management software i s  nearing  release; and planning for IBM implementation 
i s  underway. The following  sections  provide  further  details on the  description 
of a future  Full IPAD, as we1 1 as on progress and plans toward developing  a 
First-Level IPAD software  capabili ty.  
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DESCRIPTION OF A FUTURE FULL IPAD  SYSTEM 

IPAD project results to   da te   ( see  refs. 14-24) ind ica te   tha t  a Full 
IPAD system  of the future should be basically a general-purpose  interactive 
computer-aided des ign  system  developed t o  support engineering design  processes. 
I t s  primary func t ion  would be t o  handle engineering data  associated w i t h  the 
des ign  process. IPAD software would be instal  1  ed by each company  on i t s  
computers and used i n  a  manner s imi la r   to  vendor-supplied  operating  system 
software. The IPAD software would augment, rather  than  replace, existing 
operating  system  software. I t  would support the continuous  design  activities 
of a typical company mi x of mu1 tip1 e development projects. The IPAD system 
would serve management and engineering s t a f f s   a t   a l l  1 evels  of des ign  
(conceptual , preliminary, and f i n a l )  and aid i n  the assembly and organization 
of des ign  data  for  manufacturing  processes. 

The IPAD system would support  generation,  storage, and  management of 
large  quant i t ies   of   data .   I ts   capaci ty  would only be limited by the computer 
hardware configurations  selected by each company. The system would be used i n  
a distributed computing environment  having one o r  more central  host computing 
systems and many remote  computing systems. One such  arrangement  of  Full IPAD 
components i s  g iven  i n  f igure 7. The  number o f  terminals m i g h t  be several 
hundred o r  more  and may be distributed  across the host and remote systems. 
The IPAD software would function on the computer complexes i n  use  today by 
aerospace  corporations, b u t  would achieve i t s   fu l l   po ten t i a l  on the computers 
in the next decade. 

The functions  of  the  three major IPAD software components i l l u s t r a t ed  
i n  f igures  4 and 7 a re  ( 1 )  executive  software  to  control  user-directed  processes 
t h r o u g h  interact ive  interfaces  w i t h  a large number of  terminals  in  simultaneous 
use by engineering and  management personnel and to  provide communications between 
computer  hardware w i t h i n  and outside the IPAD dis t r ibuted computing system; 
( 2 )  data management software  to  provide a comprehensive, versat i le   capabi l i ty  
for   eff ic ient ly   s tor ing,   t racking,   protect ing,  and retrieving  exceptionally 
large  quant i t ies  o f  data  maintained on multiple  storage  devices; and ( 3 )  geometry 
and graphics  uti l i ty  software  to  provide a wide range  of  capabilities  for 
information and geometry creation,  manipulation and display  functions  including 
design/drafting and interact ive and display  graphics. 

Libraries w i t h i n  the data  bases m i g h t  include  analysis/design computer 
programs u t i 1  ized by various  disciplinary  special ists and extensive quant i t ies  
of data. The  analysis/design computer programs would n o t  be part   of IPAD, b u t  
would be provided by each company t o  form the complete  design-software  system; 
selected  publically  available  technical programs might be included i n  IPAD 
releases  to  demonstrate  capabili t ies.  The data  in the data  base would include 
all   official   project   information d e f i n i n g  the charac te r i s t ics  o f  current 
baselines and a l te rna t ive  designs and their  performance, as well as  archival 
"handbook" information  forming the technology  base fo r  company designs. 
Simultaneous  access t o  the same base1 ine design  information by a l l   d i sc ip l inary  
groups would t h u s  be possible. Temporary storage  for design information  being 
actively used by individuals   or  teams would also be provided. 
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A F u l l  IPAD system would not be a hands-off  "automated design" system 
and  would not  constrain company design methods. The qual i ty  of future  
aerospace  designs  generated i n  an IPAD environment would depedd on the same 
primary factors  as i n  today's  design  environment:  creativity  of  designers, 
qual i ty   o f   t echnica l   s ta f f ,  qual i ty   of   analysis   tools  and design  data, and 
coordination  of  design and manufacturing  information. IPAD should  also be 
a tool  to improve manufacturing  direct  access  to  engineering  data. While 
support  for  the  manufacturing  process i s  not a specific  requirement  for  the 
Full IPAD system, i t  i s  bel ieved tha t  many manufacturing  needs a r e  met  by 
the  resul t ing system  design.  Continuing  collaboration between the Air Force 
and NASA should insure  compatibility between future  IPAD and ICAM capabi l i t i es  
so tha t  manufacturing  users can more readily  take  advantage o f  the  design and 
data management features  of IPAD and can  have better  access  to  design  information. 

In summary, the  key r e su l t s  t o  date  i n  defining a fu ture   fu l l  IPAD 
system incl ude: 

1 .  Comprehensive description of  a future  representative  aerospace- 
vehicle  design  process and i t s  interface  to  manufacturing 
( f i g .  8, refs.  14-20). 

2.  Requirements and prel  iminary  design  of a fu ture  IPAD software 
system  denoted  "Full IPAD" to  integrate   engineer ing  act ivi t ies  
of an aerospace company having several  products under  simul- 
taneous development ( f i g .  7 ,  refs.  21-24). 

FIRST-LEVEL  IPAD SOFTWARE DEVELOPMENT 

An i n i t i a l   s e t   o f  IPAD software  denoted  First-Level IPAD i s  now under 
development. This software i s  a  meaningful subset  of  the F u l l  IPAD system 
and,  in  accordance w i t h  ITAB guidance, i s  focusing on c r i t i c a l  technology 
issues  associated w i t h  managing engineering  data. I t  provides a s ign i f icant  
s tep toward  development of a future  integrated computer-aided  design  capability 
operational on a  network of computers o f  d i f f e ren t  manufacture. Key require- 
ments d r i v i n g  software development include numerous interactive  terminal s ,  
voluminous quantit ies  of  data ( f i g .  9)  , and extensive  consideration  of geometry 
( f i g .  l o ) .  

In progress to   da te ,  major  technology issues have been addressed,  design 
of a prototype  engineering  data management system  completed,  software development 
progressed  substantially, some init ial   software  released, and a  major capabi l i ty  
nearing  release. The r e su l t  has been ident i f ica t ion  and implementation  of 
appropriate  geometry/graphical  software ( f i g .  11 , r e f .  25) , and the  design and 
substantial  progress toward  development of an innovative  approach  to  integrated 
company-wide  management of engineering  data  for a future   dis t r ibuted computer 
complex ( f i g .  1 2 ,  refs .  26-30). 
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All IPAD technology,  software, and s u p p o r t i n g  documentation i s  being 
supplied t o  industry  as i t  i s  developed.  (See,  for example, re fs .  30-35). 
The software development plan  provides for  release  of  incremental  capabilities 
implemented for the C D C / D E C  and IBM computing systems. These incremental  re- 
1 eases wi l l  permit each company t o  incrementally  install and evaluate  the 
software and associated  technology and,  as appropriate,  undertake a gradual 
t rans i t ion  from the  current computing  environment to a future  IPAD integrated 
environment a t  a pace appropriate for the company. 

During the  balance of  1980, work i s  focusing on coding  the  engineering 
d a t a  management software and developing  demonstrations of integrated  design/ 
manufacturing a c t i v i t i e s  t o  Val idate  the  software and i t s  fundamental concepts. 
An i n i t i a l  engineering d a t a  management capabili ty  will  be operational i n  l a t e  
1980 and future  development, together w i t h  demonstrations,  will  continue  into 
mid-1981. Plans for 1981  and  beyond are  t o  implement the  engineering da ta  
management software on a second  computer of d i f fe ren t  manufacture (IBM) , t o  
enhance  performance of  software, t o  expand software t o  respond t o  manufacturing 
d a t a  management requirements, and t o  examine the  technology  challenges o f  
computer-aided  design/manufacturing on networks  of  computers ( f i g .   1 3 ) .  Close 
collaboration  will be maintained  with  the Air Force ICAM program t o  insure 
t h a t  the j o i n t  IPAD/ICAM programs best respond t o  the combined technology needs 
o f  design and manufacturing. 

In summary, First-Level IPAD software produced t o  date or pl armed 
i n t o  1982 include: 

1 .  Re1 ease i n  October 1979 of IPAD Integration  Prototype  Software 
operational on a CDC/DEC computer complex  which integrates 
through an experimental  relational  data management system 
the  functions o f  design, d r a f t i n g ,  geometry,  graphical d i s -  
play,  structural and thermal analysis/design, and N/C p a t h  
generation  (fig.   11,   ref.  2 5 ) .  

2. Release i n  July 1981 o f  a prototype  instrumented  engineering 
d a t a  management system based on  a multi-schema concept which 
is  operational on a CDC computer and provides  the  capability 
t o  integrate  company-wide design d a t a  ( f i g .  1 2 ,  re fs .  26-30). 

3 .  Re1 ease  in  July 1982 o f  the  prototype  engineering  data 
management system operational on an  IBM computer  complex. 

4. Continued documentation o f  scenarios o f  representative 
engineering  design a c t i v i t i e s  which serve t o  control  software 
development,  insure  requirements  are met, and serve as a 
basis for software  demonstration. 
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APPENDIX A 

INDUSTRY  INVOLVEMENT  IN  IPAD DEVELOPMENT 

The def ini t ion o f  IPAD has  evolved  over many years from a study and 
critique  process  that  included  extensive  aerospace  industry  involvement. Two 
in-depth  studies o f  t he   f eas ib i l i t y  and possible forms  of an IPAD system  were 
carried  out by  The Boeing Company and General Dynamics/Convair (see  ref .  1 , 2 ) .  
The total   cost  o f  these  studies  over a 17-month period was $611,000. Each 
study  contractor undertook a careful  dissection of the  vehicle  design  process 
t o  delineate  those  functions and  tasks t h a t  can be beneficially  supported by 
computer  hardware and software and then  defined  the  format and elements  of a 
software system t h a t  could substant ia l ly  improve the  design  process. They 
also  assessed  the impact o f  this IPAD system on company computer  hardware 
requirements and on the performance  of company s t a f f s  and evaluated i t s   c o s t  
and benefit  potential . 

One  company examined these  questions i n  the  context  of  design of three 
kinds of  vehicles--a  large  subsonic  transport, a supersonic  transport, and a 
hydrofoil--and  developed a comprehensive, detailed  picture  of  the  design  process 
as a mu1 t i layered network of  functions. The other examined intensively  the 
tasks and interfaces of individual  designers and groups and analyzed careful ly  
the  information flow i n  design. They considered  the  effects  of  the  detailed 
constituent  parts o f  the  design  process and extrapolated  their  experience w i t h  
existing  software systems to   a r r ive  a t  computer requirements,  costs, and 
benefits o f  IPAD software. Both concluded t h a t  IPAD i s   f e a s i b l e  and will f i t  
on existing computers. They arrived a t  software systems that   d i f fered i n  d e t a i l ,  
b u t  exhibited  the same general   characterist ics and order-of-magnitude  costs. 
Projected  benefits  included 25-90 percent  time and 20-60 percent  cost  savings 
i n  design,  better management v i s i b i l i t y ,  and reduced risk and cost   result ing 
from greater  depth  in  early  trade-offs,  on-time  designs, and fewer  design 
changes d u r i n g  production. 

Results o f  these  studies were presented i n  four  oral  reports t h a t  were 
well attended by representatives of industry; for  example, 83 industry  repre- 
sentatives  attended  the  final  oral  presentations. Following  completion of the 
s tudies ,   the   resul ts  were cri t iqued by teams from McDonnell Aircraft  Company; 
Lockheed-Georgia Company; Grumman Aerospace Corporation; Rockwell International,  
Los Angeles Aircraft  Division; Con*ro!l  Data Corporation; IBM Corporation; and 
Sperry Univac.  These firms examined such questions as  completeness  of  the 
s tud ies ,   c red ib i l i ty  of  the proposed  systems and projected development parameters, 
user  acceptance, and government and industry  roles. They expended s ignif icant  
effort  over fou r  months , employing 31 team members and a b o u t  100 part-time 
consultants. The c r i t ique   repor t s   ( re f .  3) reveal a wide spectrum o f  views , 
b u t  strong  consensus  that IPAD development  should proceed,  should  not  include 
technical modules development which should remain largely  the  prerogative o f  
industry, and should  provide early  delivery  of  software and user  involvement. 
Because of  the  inevitable budget l imitat ions,  i t  was  recommended tha t  NASA 
l imi t   i t s   spec i f ic   ob jec t ive  t o  production  of a truncated, b u t  "working", system. 
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Other evaluations  of IPAD include an Army-funded study by  McDonnell 
Douglas Astronautics Company of i t s  benefit potent ia l   for  missile design 
(ref. 4) and  a small NASA-funded study by Battell  e Col umbus Laboratories  of 
i t s  potential   for non-aerospace application (ref.  9 ) .  In  addition, the NASA 
Research and Techno1  ogy Advisory Committee (RTAC) on Materials and Structures 
sponsored a colloquium  of high-1 eve1 aerospace managers a t  MIT  on January 30-31 , 
1974, a t  wh ich  IPAD  was examined and discussed. NASA prepared an IPAD 
"Prospectus" i n  February 1975 w h i c h  set  f o r t h  the  plan for  development, 
i n i t i a l  maintenance, and release  of IPAD; for an Industry  Technical  Advisory 
Board  (ITAB) to  advise the IPAD contractor; and f o r  a 'user-controlled  organiza- 
tion  to  accept maintenance responsibi l i ty  for IPAD software. NASA then conducted 
a survey  of 41 aerospace companies seeking their  commitment t o  become  a member 
of ITAB d u r i n g  IPAD development; to  evaluate IPAD software  before i t  i s  generally 
released; and t o  financially  support, i n  the context  of  a;.user-controlled 
organization,  maintenance and improvement o f  IPAD software  af ter  i t s  value t o  
t h e i r  company  had been demonstrated. Two messages of a general  nature were 
apparent i n  the  company responses. First, support  for the IPAD concept and 
willingness  to  provide  advice and counsel th rough  the ITAB was very good from 
the large and medium airframe companies f o r  whom  IPAD would be primarily 
ta i lored.  Second, most companies prudently  preferred  to  defer hard commitments 
beyond ITAB participation u n t i l  they had  a chance to   assess  results. A few 
companies specifically  declined commitments t o  par t ic ipate  i n  the IPAD project,  
and these  fe l l   in  two categories - e i ther  IPAD did n o t  appear t o  meet the needs  of 
their particular  design  process, or they saw  IPAD aimed a t  design problems 
larger  than their  company activity.  Several such  companies wished t o  remain 
informed on IPAD progress w i t h  an opportunity  to  re-evaluate their posit ion  later.  

Based  on industry willingness to  support  the IPAD project,  an Industry 
Technical Advisory Board  (ITAB) was formed by the development contractor soon 
af ter   contract   in i t ia t ion  to   afford  industry the maximum opportunity  for  in- 
fluencing the course  of IPAD development. ITAB consists  of members and observers 
representing major U.S. aerospace and computer companies and meets periodically.  
ITAB act ivi t ies   include review of  planning and technical documents, c r i t ique  of 
key developn,ent decisions,  ranking of IPAD requirements,  identification of 
demonstration programs, and evaluation  of  software. As the IPAD software i s  
released, ITAB member companies and other  potential IPAD users will be aided i n  
i t s  evaluation and use. More de t a i l s  on ITAB ongoing operation and a c t i v i t i e s  
a r e  g i v e n  in  reference 35. 
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GOVERNMENT  INVOLVEMENT  NEEDED  TO  ACCELERATE  DEVELOPMENT OF NEEDED 
CAD/CAM  TECHNOLOGY 

- H I G H   R I S K  LONG-TERM  DEVELOPMENT  OUTS I DE NORMAL 
AEROSPACE  COMPANY  PRODUCT  LINE 

- H I G H   R I S K  DEVELOPMENT  FOR  A  SMALL  COMPUTER  COMPANY 
M A R K I 3  

- REQUIRES  UNNATURAL  COOPERATION  AMONG  COMPUTER  VENDORS 

- UTILIZES  SCARCE  RESOURCES  MORE  EFFECTIVELY 

PROVIDES  BASIC  TECHNOLOGY NEEDED  FOR DOD  CAD/CAM  PROGRAMS 

BENEFIT  NASA  MISS  IONS  AND  PRODUCTS 

Figure 2.- Reasons for NASA developnent of CAD/CAM technology. 

I W .  E, SWANSON I 
CHAIRMAN 

MEMBERS 

’ AEROSPACE INDUSTPY ‘ 
BOEING 
CESSNA 
FAIRCHILD 
GENERAL DYNAMICS 
GRUMMAN 
LOCKHEED 
MARTIN-MARIETTA 
MCDONNELL-DOUGLAS 
NORTHROP 
ROCKWELL INTL  
VOUGHT 

ENGINE MANUFACTURERS 
GENERAL ELECTRIC 
PRATT AND WHITNEY 

COMPUTER  MANUFACTURERS 
I BM 
CD C 
DEC 
UN I VAC 

Figure 3.- 

12  

OBSE‘RVERS 

I 
ADVANCE MARINE ENTERPRISES 

BATTELLE 
BELL HELICOPTER 
COMPUTERVISION 
DENELCOR 
FORD 
GTE 
GENERAL  MOTORS 
GERBER  SC I ENT I F I C INSTRUMENT 
GULFSTREAM  AMERICAN 
HIGHER ORDER  SOFTWARE 
HUGHES AIRCRAFT 
MAcNEAL SCHWENDLER 
MANUFACTURING  AND CONSULTING 

NATIONAL BUREAU OF STANDARDS 
NAVAL A I R  SYSTEMS COMMAND 
NASA 
NETWORK SYSTEMS 
P I  PER AIRCRAFT 

AVCO - LYCOMING 

SERVICES 

PRIME COMPUTER 
REMSSELAER  POLYTECHNIC INSTITUTE 
RESEARCH TRIANGLE  INSTITUTE 
ROYAL  GRAPHICS 
SOFTECH 
STRUCTURAL  DYNAMICS  RESEARCH 
TEKTRUNIX 
TEXAS A&M 
TRW 

VIRGINIA POLY; INST, AND STATE U .  
WESTINGHOUSE 

JOHN DEERE 
NSKDC 

I 

UNIVERSITY OF MISSOURI-ROLLA 

A IR  FORCE - ICAM 

A IR  FORCE - FLIGHT DYNAMICS LAB 

Industry  technical   advisory board (ITAB). 



I 

GO
AL

: 
IMP

RO
VE

 
PR

OD
UC

TI
VI

TY
 TH

RO
UG

H  T
EC

HN
OL

OG
Y 

FO
R 

IN
TE

GR
AT

ED
, 

CO
M

PA
NY

-W
 I D

E 
MA

NA
GE

ME
NT

 O
F 

DE
SI

GN
 D

AT
A 

AN
D 

CO
MP

UT
ER

 
PR

OG
RA

M
S 

KE
Y  S

OF
TW

AR
E 

CO
MP

UT
ER

  OP
ER

AT
IN

G  S
YS

TE
M 

(C
DC

, 
I B

M,
 

DE
C,  €

rC
. 

1 

TE
CH

NI
CA

L  P
RO

GR
AM

S 
(S

TR
UC

TU
RE

S,
 A

ER
OD

YN
AM

  IC
s,

 
PE

RF
OR

MA
NC

E,
 P

RO
PU

LS
 IO

N,
 

EN
G 

I N
EE

R 
I N

G 
 D

AT
A 

( 
MA

NA
GE

ME
NT

 

TW
O  D

IF
FE

RE
NT

 
1 

CO
MP

UT
ER

S 

IB
M

 
TA

SK
S 

($
15

M,
 F

Y 
76

 - 
81

) 
IN

VO
LV

E  I
ND

US
TR

Y  A
S 

PA
RT

NE
R  T

O  D
EV

EL
OP

ME
NT

 
DE

FI
NE

  FU
LL

 I
PA

D 
 SY

ST
EM

 O
F T

HE
 F

UT
UR

E 
IM

PL
EM

EN
T  

BA
S  

IC
 G

EO
ME

TR
Y 

GR
AP

H 
IC

s  
CA

PA
B 

 IL
IT

Y 
DE

VE
LO

P 
PR

OT
OT

YP
E  D

AT
A 

MA
NA

GE
ME

NT
 S

OF
TW

AR
E 

F
ig

ur
e 

4.
- 

IP
A

D
: 

In
te

gr
at

ed
 P

ro
gr

am
s 

€o
r  A

er
os

pa
ce

-V
eh

ic
le

  D
es

ig
n.

 



I 
CY

 
 

76
 

I 
77

 
I 

78
 

I 
79

 
I 

80
 

I 
81

 
I 

82
 

RE
F 

 
DE

S 
PR

OC
 

IN
 IT

lA
L 

"
"
"
"
"
 

SO
FT

W
AR

E 
\ I 

I EN
HA

NC
EM

EN
TS

,: 

I 
DE

VE
LO

PM
EN

T 
{ 

FU
LL

 I
 PA

D  D
ES

IG
N 

CA
M

 R
EQ

TS
 

IP
AD

 
 

PD
 

I 
FO

LL
OW

 O
N 

GE
OM

I 
 

GR
AP

H 
IN

IT
IA

L 
DM

 
DM

lS
W

 
 

S/
W

 

I 

I 
I "
"
"
 ""

W
 

CD
C 

DE
VE

LO
PM

EN
T 

IB
M

 IM
PL

EM
EN

TA
TI

ON
 

1 
SO

FT
W

AR
E 

 
DE

VE
LO

PM
EN

T 
I 

LR
C 

IN
IT

IA
L
 AC

CE
PT

AN
CE

 
M

IN
I 

DE
MO

 
I 

I 
SO

FT
W

AR
E 

EV
AL

ID
EM

O 
I 

I 
DE

SI
GN

 
' 

GO
 A

HE
AD

 
I 

DM
 

I 
y-y 

IN
 IT

  IA
L 

I 
IP

AD
 

 P
AD

 p
~ 

GE
OM

IG
RA

PH
 C

AM
 

IN
IT

IA
L  

SI
W

 
s/

w
 

RE
QT

s 
DM

 
SI

 W
 

CD
C 

DM
 S

IW
 I

BM
 

RE
F  DE
S 

PR
OC

 
RE

QT
s 

vv
 

v
w

 
IP

AD
  SY

M
PO

SI
UM

 

F
ig

u
re

 5
.- 

IP
AD

 d
ev

el
op

ne
nt

 p
la

n
 

(1
 9

76
-8

2)
. 



f ASS€SSED 
OF PRODUCT DEVELOPMENT 

+ t 

ESTABLISHED  IPAD 
REQUIREMENTS 
REQT 
TEST F + 

1- IPAD  PRELIMINARY  DESIGN 1 

I SOFTWARE  DEVELOPMENT I 
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500 - loo0  SIMULTANEOUS  USER  TERMINALS 

LARGE, RAPID ACCESS  DATA  VOLUMES TO SUPPORT  VEHICLE  DESIGN 

ON  LINE 10 MINUTE 
DATA AVAILABILITY 

lo9 WORDS lo9 WORDS 

10 PRELIMINARY  DESIGNS 1.7 

10 SUSTAINING  DESIGNS 7.8 15.7 

2 DITAIL  DESIGNS 2.5 3.2 

- 

- 
12.0 18.9 

Figure  9.- Key IPAD performance  requirements   dr iving software design. 
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INDUSTRY  INVOLVEMENT I N  I P A D  

THROUGH THE INDUSTRY  TECHNICAL ADVISORY BOARD 

Warren  E.  Swanson 
Cha i rman ,  ITAB 

SUMMARY 

I n  1976 NASA awarded  The  Boeing Company a c o n t r a c t  t o  d e v e l o p  
I P A D  ( I n t e g r a t e d   P r o g r a m s   f o r   A e r o s p a c e - V e h i c l e   D e s i g n ) .   T h i s  
c o n t r a c t   i n c l u d e d  a r e q u i r e m e n t .   f o r   B o e i n g  t o  f o r m   a n   I n d u s t r i a l  
T e c h n i c a l   A d v i s o r y   B o a r d   ( I T A B ) ,   w i t h   m e m b e r s   r e p r e s e n t i n g  major 
aerospace and   computer   companies .   The  purpose o f   t h i s   b o a r d  was 
t o  g u i d e   t h e   d e v e l o p m e n t   o f  I P A D .  

T h e   s p e c i f i c   g o a l   o f  I P A D  is t o  i n c r e a s e   U n i t e d  S t a t e s  
aerospace i n d u s t r y   p r o d u c t i v i t y   t h r o u g h   t h e   a p p l i c a t i o n  of 
computers t o  m a n a g e   e n g i n e e r i n g   d a t a .   T h i s   g o a l   c l e a r l y  i s  
a t t a i n a b l e ;   i n   f a c t ,  I P A D ' s  i n f l u e n c e   c a n  reach beyond t h e  
a e r o s p a c e   i n d u s t r y  t o  many b u s i n e s s e s   w h e r e  product. d e v e l o p m e n t  is 
based on t h e  d e s i g n - b u i l d i n g  process. An enhanced  I P A D ,  
t h e r e f o r e ,  is a n a t i o n a l  asse t  o f   s i g n i f i c a n c e .  The role  o f  I T A B  
i n   g u i d i n g   t h e   d e v e l o p m e n t   o f   t h i s   s y s t e m  is t h e   s u b j e c t   o f   t h i s  
paper. 

INTRODUCTIOTJ 

When t h e  I P A D  c o n c e p t  was i n t r o d u c e d   i n   t h e   e a r l y  1 9 7 0 ' s ,  
many i n d u s t r y  people were s k e p t i c a l .   T h e y   e n v i s i o n e d  a p rogram 
t h a t  would  be too l a r g e   a n d   c o s t l y ,   i n  terms o f   o v e r h e a d ,  t o  b e  
p r o g r a m m a b l e   o n   p r e s e n t - d a y  or e v e n   f u t u r e   c o m p u t e r s .  A t  t.he time 
it  seemed   t ha t .   t he re   wou ld  be f a r  too much d a t a  t o  b e  processed 
e f f i c i e n t l y  by s u c h  a s y s t e m ;   f o r   e x a m p l e ,   a n  estimate was made 
t h a t  some f o u r   b i l l i o n   b i t s   o f   i n f o r m a t i o n   w o u l d   h a v e  t o  be s tored 
a n d   r e c o v e r e d   i n   a n   i n t e r a c t i v e   a t m o s p h e r e - - a n   i n c o n c e i v a b l e  
a c h i e v e m e n t .   ( A l t h o u g h  still  n o t   e n t i r e l y   f e a s i b l e ,   t h i s  
r e q u i r e m e n t  now appears r e a s o n a b l e   i n   t h e   l i g h t   o f  I T A B ' s  
c o n t i n u i n g   r e v i e w ,   s t u d y ,   a n d   a s s i g n m e n t   o f  p r io r i t i e s . )  A n o t h e r  
c o n c e r n  was t h a t .  I P A D  w o u l d   b e   m e a n i n g f u l   o n l y  t o  v e r y   l a r g e  
aerospace p r o g r a m s   a n d   t h a t   i n d i v i d u a l   c o m p a n i e s   w o u l d   n o t   b e   a b l e  
t o  operate o n   a n   I P A D - t y p e   s y s t e m .   T h e r e  was a l so  some 
a p p r e h e n s i o n   o n   t h e  p a r t  o f   i n d u s t r y   t h a t   a n   I P A D - t y p e   a p p r o a c h  
m i g h t   a c t u a l l y   d i c t a t e   t h e   f u t u r e   o f  t h e  computer i n d u s t r y  t o  s u i t  
i ts  own p u r p o s e s .  

I n  retrospect,  i t  is now clear t h a t   i n d u s t r y   f a i l e d  t o  
appreciate f u l l y   t h e  I P A D  c o n c e p t ,   w h i c h  was t o  s ta r t  by 
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d e v e l o p i n g   p o t e n t i a l l y  feasible  d a t a   m a n a g m e n t   r e q u i r e m e n t s   o n   t h e  
a s s u m p t i o n   t h a t   c o n c u r r e n t   a d v a n c e s   b e i n g   m a d e   t h o u g h o u t   t h e  
c o m p u t e r   i n d u s t r y   w o u l d   p r o d u c e  new c o m p u t e r s   a n d   s t o r a g e   d e v i c e s  
t h a t  w o u l d   e v e n t u a l l y   s u p p o r t   t h e s e   e m e r g i n g   r e q u i r e m e n t s .  A s  
i n d i c a t e d   a b o v e ,   t h i s  is p r o v i n g  t o  b e   t h e  case, l a r g e l y  as a 
d i r e c t   r e s u l t  of t h e  r e l a t i o n s h i p   b e t w e e n   t h e  I P A D  program  and  t h e  
I n d u s t r y   T e c h n i c a l   A d v i s o r y   B o a r d .  

THE  STRUCTURE OF ITAB 

The NASA c o n t r a c t  w i t h  Boeing  c a l l e d  f o r   t h i s   b o a r d  t o  b e  
c o m p o s e d   o f   p r o s p e c t i v e   u s e r s   o f  t h e  system, t h a t  is ,  
r e p r e s e n t a t i v e s   o f  aerospace a n d   c o m p u t e r   c o m p a n i e s .   I n d u s t r y ' s  
r e s p o n s e  t o  t h e  B o e i n g   i n v i t a t i o n  t o  s e r v e   o n   t h e   b o a r d  was 
amazing:   Boeing  was b e s i e g e d   w i t h   r e q u e s t s  for membersh ip .   These  
r e q u e s t s  came f rom almost e v e r y   s e g m e n t  of these i n d u s t r i e s   a n d  
i m m e d i a t e l y   n e c e s s i t a t e d   l i m i t i n g   t h e  t o t a l  number  of  members i n  
o r d e r  t o  s t a y   w i t h i n   f u n d i n g   l i m i t a t i o n s .  A d e c i s i o n  was 
t h e r e f o r e  made t o  e s t a b l i s h  a maximum o f  20 v o t i n g  memberships, 
w i t h   s u p p o r t  t o  be p r o v i d e d   b y  60 t o  70 a d v i s o r y  members. T h i s  
o r g a n i z a t i o n a l   s t r u c t u r e   s e e m e d  t o  o f f e r   t h e  best promise o f  
f u l f i l l i n g   t h e  I T A B  c h a r t e r ,   w h i c h  was t o  p r o v i d e   a d v i c e  t o  
B o e i n g ,   i n  t h e  d e v e l o p m e n t   o f  I P A D ,  t h a t   w o u l d  be i n d e p e n d e n t   o f  
G o v e r n m e n t   d i r e c t i o n   a n d  separate from  The  Roeing  Company. 

I T A B ' s  members h a v e  come f rom da ta  p r o c e s s i n g   c o l n p a n i e s ,  
c o m p u t e r   m a n u f a c t u r i n g   f i r m s ,   a n d  aerospace m a n u f a c t u r e r s - - b o t h  
airframe a n d   e n g i n e   p r o d u c e r s .   T h e y  a re  i n d u s t r y  spec ia l i s t s  who 
are e x p e r t   i n  t h e  c o m p u t i n g   f i e l d .   I n t e r e s t i n g l y   e n o u g h   i n   v i e w  
o f  t h e i r  d i v e r s i t y ,  many are  t o p - l e v e l   m a n a g e m e n t   p e r s o n n e l .  

The s t r u c t u r e  of I T A B  i s  i l l u s t r a t e d   i n   f i g u r e  1. The 20 
v o t i n g  m e m b e r s   f o r m u l a t e   r e c o m m e n d a t i o n s   f o r  I P A D ' s  deve lopmen t  
a f t e r   l i s t e n i n g   c a r e f u l l y  t o  d i s c u s s i o n   a n d   s u g g e s t i o n s   f r o m   t h e  
n o n v o t i n g   a d v i s o r s .  T h e s e  r e c o m m e n d a t i o n s   c o n s t i t u t e  t h e  basic  
ITAB " p r o d u c t "   a n d   e n s u r e  a c o n t i n u o u s  flow o f   i n f o r m e d   g u i d a n c e  
to  Boeing.   I t .  is t h e   i n t e r p l a y  of t h e s e  ITAB recommendat ions   and  
B o e i n g   r e s p o n s e s   t h a t   d e t e r m i n e   t h e   p r o g r a m ' s   d i r e c t i o n .   T h e  
c o m m u n i c a t i o n   c h a n n e l s   f o r   t h e   f l o w   o f  I T A B  r ecommenda t ions  are  
d e p i c t e d   i n   f i g u r e  2. 

BENEFITS  G A I N E D  FROM THE I P A D - I T A B  RELATIONSHIP 

From t h e  o u t s e t ,  t h e  c o n t r a c t u a l  bas i s  of I T A B  e n s u r e d  
v i g o r o u s   i n d u s t r y   p a r t i c i p a t i o n ,  f o r  it was e v i d e n t  t h a t  i n d u s t r y  
would  be t h e  f r e e   r e c i p i e n t   o f   a n y   u s e f u l   i n f o r m a t i o n   t h a t   m i g h t  
b e   g e n e r a t e d   b y   t h e  I P A D  program. Fears a b o u t   t h e   f u t u r e   b e i n g  
d i c t a t e d  by I P A D  g r a d u a l l y   d i m i n i s h e d  as  t h e  compute r . compan ies  
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began  t o  see t h e  i n f l u e n c e   t h a t  t he i r  r e p r e s e n t a t i v e s  were 
e x e r t i n g   o n   t h e  I P A D  p rogram as w e l l  a s  t h e   v a l u e   o f   t h e  
i n f o r m a t i o n   b e i n g   r e c e i v e d   i n   r e t u r n .  

E a r l y   i n   t h e   s t u d y   p h a s e  of I P A D ' s  deve lopmen t ,  a s e t  of  
r e q u i r e m e n t s  was e s t a b l i s h e d  as a b a s e l i n e   r e f e r e n c e   f o r   t h e  
d e s i g n  process. I t  was i n t e r e s t i n g  to n o t e   t h a t   t h i s   d e s i g n  
process d e v e l o p m e n t   c o u l d   b e   u s e d   b y  a l l  of  t h e  ITAB member 
c o m p a n i e s ,   i n c l u d i n g   t h e   o b s e r v e r s ,   a n d   t h a t  it h a s   s i n c e   p r o v e d  
h e l p f u l  t o  them i n   t h e i r   v a r i o u s   e f f o r t s  t o  d e v e l o p   s u i t a b l e  
equ ipmen t  to  meet t h e  demands   o f   emerg ing   r equ i r emen t s .   A l though  
ag reemen t   on  appropriate  processes t o  meet these r e q u i r e m e n t s   h a s  
by   no   means   been   unanimous ,   there   has   deve loped  a w i d e s p r e a d  
a p p r e c i a t i o n   o f   t h e   t e c h n i q u e s   t h a t   h a v e   e v o l v e d   f o r   p u t t i n g  t h e  
d e s i g n  process o n  paper. A s  a r e s u l t ,   e a c h  company h a s   b e e n   a b l e  
t o  t a k e   t h i s   f o r m a t t e d   d e s i g n   a n d   l a y  it o u t  i n  a m a n n e r   t h a t  
s u i t s  i t s  own u n i q u e   c i r c u m s t a n c e s .   T h i s  aspect  of  t h e  I T A B  
e x p e r i e n c e   a l o n e  has  been  of n a t i o n a l   b e n e f i t   i n   s i m p l y   d e s c r i b i n g  
f o r ' a  p a r t i c u l a r  company how t o  g o   a b o u t   d e f i n i n g  i ts  d e s i g n  
process. I T A B  i n v o l v e m e n t  is shown i n   f i g u r e  3 .  

I t  h a s  a l s o  become c lear  t h a t  I P A D  is c a p a b l e   o f   d e v e l o p i n g  a 
s i n g l e  da t a  management   system adaptable  t o  t h e  n e e d s  of many i f  
not. a l l  c o m p a n i e s ,   t h e r e b y   o f f e r i n g   t h e m   e f f i c i e n t  d a t a  management 
procedures w i t h o u t   t h e   n e c e s s i t y   o f   i n d i v i d u a l l y   d e v e l o p i n g  s u c h  
s y s t e m s .  The a d v a n t a g e s  of t h i s   c a p a b i l i t y  a r e  o b v i o u s  t o  any  
manager who h a s  e v e r   s t r u g g l e d  w i t h  t h e  da ta   management   p roblem.  

Dur ing  t h e  p a s t  f e w   y e a r s   t h e r e  has  been  a g rowing   awareness  
o f  a d a n g e r o u s   r e d u c t i o n   i n   A m e r i c a n   i n d u s t r i a l   p r o d u c t i v i t y .   I n  
many U . S .  f ac tor ies  p r o d u c t i v i t y   h a s  decreased s i g n i f i c a n t l y ,  
e s p e c i a l l y  when  compared w i t h  t h a t  o f   J apan   and  West Germany. I n  
t h e  course of I T A B  m e e t i n g s ,   p a r t i c i p a t i n g  members h a v e  come t o  
a p p r e c i a t e   t h a t  I P A D  c a n   e x e r t  a s u b s t a n t i a l   i n f l u e n c e   o n  t h e  
improvement of p r o d u c t i v i t y .  Some s t u d i e s  show a t-en-to-one 
improvement i n   p r o d u c i n g   e n g i n e e r i n g  da ta ;  o thers  d e m o n s t r a t e  t h a t  
u s i n g   c o m p a n i e s   s h o u l d   e x p e r i e n c e  a minimum t .hroughput   improvement  
o f   s i x  t o  one .   A l though  I P A D  h a s   n o t   y e t   r e a c h e d  i ts  f u l l  
deve lopment  or d e m o n s t r a t e d  i t s  f u t u r e   p o t e n t i a l ,   t h e s e  
p r o j e c t i o n s  are v e r i f i a b l e ,   a n d   p r o d u c t i v i t y   i m p r o v e m e n t   t h r o u g h  
t h e  u s e  o f  I P A D  p r i n c i p l e s   c a n   b e c o m e . o f   g r e a t   b e n e f i t  t o  t h e  
n a t i o n .  

CONCLUDING REMARKS 

A t t e n d a n c e  a t  I T A B  m e e t i n g s   h a s   b e e n   c o n s i s t e n t   o v e r   t h e  
y e a r s ,   a n d   p a r t i c i p a t i o n   h a s   b e e n   e n t h u s i a s t i c   a n d   e f f e c t i v e .  
N o n v o t i n g   a d v i s o r s ,  many o f   t hem  f rom  compan ies   fo r   wh ich  I P A D  w a s  
n o t   s p e c i f i c a l l y   d e s i g n e d ,   h a v e   s h o w n   a p p r e c i a t i o n   f o r   t h e  
p o t e n t i a l   b e n e f i t s   o f  t h e  s y s t e m   f o r  a l l  o f   A m e r i c a n   i n d u s t r y   a n d  
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have made many i m p o r t a n t   c o n t r i b u t i o n s   t h r o u g h   t h e i r   a d v i c e   a n d  
s u g g e s t i o n s .   T w e l v e   m e e t i n g s   o f   t h e   I n d u s t r y   T e c h n i c a l   A d v i s o r y  
Board have   been   conduc ted   ove r   t he   yea r s ,   and   f rom these mee t ings  
1 6 0  recommendations  have  been  submitted to  Boeing. O f  t h i s  
number,   only 25 remain as open items t o  which  Boeing h a s  n o t   y e t  
made r e s p o n s e .  As a r e su l t  o f   t h e s e   m e e t i n g s   a n d   t h r o u g h   t h e  
exchange  of   communicat ions  such as  are a f f o r d e d  by t h i s  symposium, 
a broader   knowledge  of  I P A D  and i t s  resources fo r   improv ing  
n a t i o n a l   p r o d u c t i v i t y  are c e r t a i n  t o  emerge. 
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INTEGRATION OF D E S I G N  INFORMATION 

Gordon L .  Ander ton  
Boeing C o m m e r c i a l  A i r p l a n e  Company 

SUMMARY 

T h i s  paper d i s c u s s e s   t h e   o v e r a l l   c o n c e p t s  of t h e  integrated 
programs for aerospace-vehicle d e s i g n  ( I P A D )  f r o m  t h e  u s e r ' s  
v i e w p o i n t ,   p r o v i d e s  a t o p - l e v e l   v i e w   o f   w h a t  t h e  u s e r   r e q u i r e s  
f rom s u c h  a s y s t e m ,   a n d   d e s c r i b e s   t - h e   i n t e r a c t i o n s   b e t w e e n  t h e  
sys t em  and  u s e r .  T h e  f o u r  major c o m p o n e n t s   d i s c u s s e d  a re  d e s i g n  
process;  d a t a   s t o r a g e ,  management .   and   manipula t ion ;   user  
i n t e r f a c e ;   a n d  p ro jec t  management. 

A l t h o u g h   a n   o u t g r o w t h   o f   a e r o s p a c e   p r o d u c t i o n   e x p e r i e n c e ,   t h e  
b a s i c   c o n c e p t s   d i s c u s s e d - - a n d   e s p e c i a l l y   t h e i r   e m p h a s i s   o n  
i n t . e g r a t i o n - - a r e   c o n s i d e r e d   a p p l i c a b l e  t o  a l l  problem s o l v i n g .  
T h u s ,  these c o n c e p t s  may o f f e r  a b r o a d   b a s e  for  e x p l o i t a t i o n  by 
i n d u s t r y   i n   g e n e r a l .  

T h i s  is t h e   f i r s t   i n  a s e t  o f  th ree  p a p e r s ,  t h e  o t h e r  t w o  
b e i n g  " F u t u r e  I n t e g r a t e d   D e s i g n  Process, 'I by D.  D. Meyer,   and 
" R e q u i r e m e n t s   f o r  Company-Wide  Management  of E n g i n e e r i n g  
I n f o r m a t i o n , "  by J. W .  S o u t h a l l .   I n   a d d i t i o n  t o  t y i n g  t h e  th ree  
t o g e t h e r ,   t h i s   p a p e r  w i l l  d i s c u s s   i n   d e t a i l  how project. management 
c a n  be h a n d l e d   i n  a c o m p u t i n g   e n v i r o n m e n t   a n d  a l so  t h e  u s e r  
i n t e r f a c e   n e e d s .  

IIJTRODUCTION 

The  I n t e g r a t e d  Programs f o r  Aerospace-Vehicle D e s i g n  ( I P A D )  
i s  a c o m p u t e r - b a s e d   s y s t e m   d e s i g n e d  t o  ass is t  t h e  e n g i n e e r   i n  
p e r f o r r n l n g   h i s  t a s k s .  I t  is based o n   f i v e   y e a r s '   e x p e r i e n c e  w i t h  
t h e  NASA-funded I P A D  d e v e l o p m e n t   c o n t r a c t - .   T h e   p r i n c i p a l  
u n d e r l y i n g   f e a t u r e  of t h i s  s y s t e m  is i n t e g r a t i o n :   i n t e g r a t i o n   o f  
da ta  a n d   a p p l i c a t i o n   p r o g r a m s ,   i n t e g r a t i o n   o f  a p p l i c a t i o n  
p rograms  w i t h  each o t h e r  by u t i l i z i n g   d e s i g n  process d e f i n i t i o n s ,  
a n d   i n t e g r a t i o n   o f   c o m p u t i n g  jobs w i t h  project. management (cost  
a n d   s c h e d u l e s ) .  

T h e   s e c o n d   f e a t u r e   o f   t h e  I P A D  s y s t e m  is t h e  u s e r  i n t e r f a c e  
and u s e r  a s s i s t a n c e .   T h e s e   i n c l u d e   u n i f o r m i t y   o f   u s e r   l a n g u a g e ,  
a s s i s t a n c e   i n   u s i n g   t h e   s y s t e m ,   m a c h i n e   i n d e p e n d e n c e ,  special  
u t i l i t i e s   f o r   f r e q u e n t l y   u s e d   a p p l i c a t i o n s ,   g e o m e t r y   d e f i n i t i o n  
and c rea t  i o n ,   a n d   g r a p h i c s .  
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The t h i r d   f e a t u r e   o f   t h e  I P A D  system is i n f o r m a t i o n  
m a n a g e m e n t   t h r o u g h   a n   e n g i n e e r i n g   a n d   m a n u f a c t u r i n g - o r i e n t e d   d a t a  
base, d a t a   i n t e g r i t y   a n d   s e c u r i t y ,  da t a  m a n i p u l a t i o n   a n d   q u e r y ,  
a n d   a p p l i c a t i o n   p r o g r a m   l i b r a r y .  

T h i s  is t h e   f i r s t   i n  a s e t  o f   t h r e e   p a p e r s   w h i c h  w i l l  
d e s c r i b e  I P A D  f r o m   t h e   p o i n t   o f   v i e w   o f   t h e  user. T h i s   p a p e r  
p r e s e n t s   a n   o v e r v i e w   o f   t h e   i n t e g r a t i o n   c h a r a c t e r i s t i c s   t o g e t h e r  
w i t h  a d e t a i l e d   d e s c r i p t i o n   o f   t h e   p r o j e c t   m a n a g e m e n t   a n d  user 
i n t e r f a c e   r e q u i r e m e n t s .  

EEJGIlJEERING DATA C H A R A C T E R I S T I C S  

E n g i n e e r i n g   d e s i g n   o f  a p r o d u c t   c a n  be d e s c r i b e d  as l o c a t i n g ,  
c r e a t i n g ,   m o d i f y i n g ,   r e p o r t i n g ,   s t o r i n g ,   c o n t r o l l i n g ,   a n d  
p r o t e c t i n g   t h e   i n f o r m a t i o n   t h a t  descr ibes  t h e   e n d   p r o d u c t ,  i t s  
f u n c t i o n a l   e n v i r o n m e n t ,   a n d  i t s  pe r fo rmance   boundar i e s .   The  
c h a r a c t e r   o f   t h e   i n f o r m a t i o n  is v a r i e d  a n d  may be a n a l y t . i c  o r  
g e o m e t r i c ,   t e x t u a l ,   n u m e r i c ,  o r  g r a p h i c ;   a n d  i t  may be e i t h e r  
s t r u c t u r e d  or u n s t r u c t u r e d .  

L o c a t i n g  d a t a  o c c u p i e s  a l a r g e   p o r t i o n   o f   a n   e n g i n e e r ' s  time. 
I t  is c o m p l i c a t e d   b y   c o n s i d e r a t i o n   o f   t h e  d a t a ' s  c u r r e n c y   a n d  
q u a l i t y .  

T h e   e n g i n e e r   a p p l i e s   c e r t a i n   s o u r c e  da ta  c o n c e r n i n g  a p r o d u c t  
t o  known p h y s i c a l   b e h a v i o r   a n d   t h u s   p r o d u c e s   e n g i n e e r i n g   d e s i g n  
d a t a   t h a t   d e f i n e s   t h e   e n d  product  i n   g e o m e t r i c ,  material ,  and/or  
f u n c t i o n a l  terms. I n  I P A D ,  t h i s   a c t i v i t y  is l a b e l e d   " j o b "   ( f i g .  
1) 

I f  a l l  t h e  jobs were i n  series,  l i n k e d   t o g e t h e r   l i k e   c h a i n  
l i n k s  by common d a t a ,  t h e n  t o t a l  c o m p u t e r i z e d   d e s i g n  w o u l d  be 
p o s s i b l e .   T h i s ,   h o w e v e r ,  is n o t  t h e   n a t u r e   o f   a e r o s p a c e - v e h i c l e  
d e s i g n ,   n o r  is  it a n   i n t e n d e d   g o a l   o f  I P A D .  I P A D  is a too l  aimed 
a t  e n h a n c i n g   t o d a y ' s   m e t h o d s   t h r o u g h   i m p r o v e d  d a t a  management  and 
t h r o u g h   t h e  automatic coup l ing   o f   compute r   p rog rams   and  t h e i r  
a s s o c i a t i v e  d a t a .  I n  cases w h e r e   s e v e r a l   a c t i v i t i e s   ( w h i c h  may be 
per formed by c o m p u t e r   p r o g r a m s )   c a n   b e   l i n k e d   f o r   c o n v e n i e n c e ,   t h e  
automatic c o u p l i n g   o f   p r o g r a m s   c a n  be s p e c i f i e d  as a l i n k e d  
a c t i v i t y .   I n   s u c h  cases,  t h e  t o t a l  a c t i v i t y  is st i l l  ca l l ed  a 
j o b .  

The n a t u r e   o f   a e r o s p a c e - v e h i c l e   d e s i g n  is be t t e r  c a p t u r e d  by 
f i g u r e  2 ,  which  shows e n d  d a t a  i n f l u e n c i n g  source da t a .  T h i s  
n e c e s s i t a t e s   a n   i t e r a t i v e   p r o c e d u r e   t h a t   u s u a l l y   c o n v e r g e s   r a p i d l y  
t o  meet t h e   a p p l i c a b l e   d e s i g n  c r i t e r i a .  

T h i s   i t e r a t i v e   c h a r a c t e r i s t i c   r e s u l t s   f r o m   t h e   l a r g e  number  
o f   i n f l u e n c i n g   p a r a m e t e r s   a n d   t h e   c o m p l e x   n a t u r e   o f   t h e i r  



i n t e r a c t i o n s .  A t  t h e   h i g h e s t   l e v e l ,   t h e  t o t a l  p r o d u c t  is pa r t  of 
t h i s   i t e r a t i v e   c y c l e   a n d  is b r o k e n  down i n t o  a p r o g r e s s i v e l y  more 
d e t a i l e d   a n d   a c c u r a t e   d e s c r i p t i o n   o f   t h e   p r o d u c t   t h r o u g h   d i f f e r e n t  
p h a s e s   s u c h  as c o n f i g u r a t i o n   d e s i g n ,   p r e l i m i n a r y   d e s i g n ,   a n d  
d e t a i l   d e s i g n .  

DATA  MANAGEMENT 

The i t e r a t i v e   n a t u r e   o f   d e s i g n  imposes some spec ia l  and  
h i t h e r t o   u n i q u e   r e q u i r e m e n t s   o n   d a t a   m a n a g e m e n t .  I t  m u s t  be 
p o s s i b l e  t o  i d e n t i f y   d a t a   b y  a u n i q u e  name p l u s  a v e r s i o n  number 
and t o  p r o v i d e   q u a l i f y i n g   l a b e l s  r e l a t i v e  t o  d a t a   q u a l i t y .   I n  
a d d i t i o n ,   d a t a - u s e r   r e l a t i o n s h i p s  m u s t  be  known. The  d a t a   a n d  i t s  
creator  mus t   be   r ecogn ized   by  t h e  s y s t e m   i n   o r d e r  t o  e s t a b l i s h   t h e  
correct  m o d i f y   a n d   u p d a t e   s e c u r i t y .   ( O n l y  t h e  d a t a   o w n e r   c a n  
m o d i f y   d a t a . )   T h e  d a t a  u s e r s  m u s t  be r e c o g n i z a b l e  by t h e   s y s t e m  
so t h a t  t hey   can   be   i n fo rmed   when  l a t e r  v e r s i o n s   o f   d a t a  are 
a v a i l a b l e .  

The l a r g e   n u m b e r   o f   u s e r s   a n d  u s e r  g r o u p s   i n   a n  aerospace 
d e s i g n   o r g a n i z a t i o n ,   e a c h   w i t h   s p e c i a l i z e d   i n t e r e s t s   i n   t h e   d a t a ,  
i m p l i e s  a n e e d   f o r   b r e a k i n g  down t h e  d a t a  base i n t o  a number  of 
d a t a  bases c a l l e d   d a t a  areas.  Data management i s  c o v e r e d   i n  
d e t a i l   i n  a companion paper. 

D E S I G N  PROCESS 

A l l  jobs  c o m b i n e d ,   w h e t h e r   s i m p l y   l i n k e d  o r  i t e r a t i v e ,  
comprise t h e   w o r k  items t h a t   p r o d u c e   t h e   p r o d u c t   d e s i g n ,  see 
f i g u r e  3. T h e   l i n k i n g   t o g e t h e r   o f  jobs t h r o u g h   t h e   c o m m o n a l i t y   o f  
sha red  i n f o r m a t i o n   c a n  be d e f i n e d  as a d e s i g n  process. T h i s  
d e f i n i t i o n   i m p l i e s  a c h r o n o l o g y   f o r   p e r f o r m i n g   j o b s ,   m u l t i p l e   p a t h  
choices i n v o l v i n g   e n g i n e e r i n g   e x p e r t i s e ,   a n d  a p o s s i b l e  bas i s  f o r  
o p t i m i z i n g  t h e  d e s i g n  process. A t o p   l e v e l   v i e w   o f  t h e  d e s i g n  
process is c o v e r e d   i n  a companion paper. 

WORK ELEMENTS 

T h e  f o l l o w i n g  terms are  u s e d   i n  I P A D  f o r   d e s c r i b i n g   w o r k  items. 

S u b t a s k :  Work p e r f o r m e d   b y   o n e   e m p l o y e e   t h a t   c o n t r i b u t e s  t o  
t h e  lowest e l e m e n t  of w o r k   d e f i n e d   b y   t h e  WBS a t  which  cost 
a c c o u n t i n g  is c o l l e c t e d ,  see f i g u r e  4 .  
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Task:  .- Work pe r fo rmed   by  a g r o u p   o f   e m p l o y e e s   t h a t   c o n t r i b u t e s  
t o  t h e  lowest l e v e l   o f  WBS a t  which cost a c c o u n t i n g  is m o n i t o r e d ;  
a s e q u e n c e   o f   s u b t a s k s   a c c o m p l i s h e d   b y  a g r o u p   a n d   r e p r e s e n t i n g  a 
m i l e s t o n e   i n   t h e  project  p l a n ,  see f i g u r e  4 .  

Work B r e a k d o w n   S t r u c t u r e  (WBS): A s t r u c t u r e d   i n d e x  t o  a l l  
e l emen t s   o f   work   and  a l l  items produced  by a product program,  see 
f i g u r e  5. 

S u b t a s k   a n d   t a s k  a r e  m e t h o d s   o f   b r e a k i n g   w o r k   i n t o   p a c k a g e s  
a s s o c i a t e d   w i t h  people, a n d   t h e  WBS is a means   o f   b reaking   work  
i n t o   p a c k a g e s  associated w i t h   e l e m e n t s  o r  c o m p o n e n t s   o f   t h e  
p r o d u c t .   T h e   t y i n g   t o g e t h e r   o f   s u b t a s k ,   t a s k ,   a n d  WBS p r o v i d e s  a 
s t r u c t u r e  t h a t  permits t h e   i n t . e g r a t i o n   o f  p ro jec t  management   with 
j o b .  

PROJECT MANAGEMENT 

Project managemen t   can   be   desc r ibed   by   t he  s i x  a c t i v i t i e s :  
p l a n n i n g ,   o r g a n i z i n g ,   s t a f f i n g ,   d i r e c t i n g ,   c o o r d i n a t i n g ,   a n d  
c o n t r o l l i n g .  C o m p o n e n t   e l e m e n t s   o f   o r g a n i z i n g   a n d   c o n t r o l l i n g ,  
e s s e n t i a l  t o  t h e   i n t e g r a t i o n   p r o c e s s   a n d   l e n d i n g   t h e m s e l v e s  most 
r e a d i l y  t o  a comput ing   env i ronmen t ,  .are t h e   f o l l o w i n g :  

1. Developing  a work  breakdown s t r u c t u r e  (WBS) a n d   t e c h n i c a l  
p l a n  t o  d e s c r i b e   w o r k   a n d   e x p e c t e d  resul ts  of  work 

2 .  Developing  a b u s i n e s s   p l a n   a n d   s c h e d u l i n g   t h e  time p l a c e m e n t  
o f   r e s o u r c e s  r e q u i r e d  t o  a c c o m p l i s h   t h e   t e c h n i c a l   p l a n  

3 .  Ass ign ing   work  a n d  a l l o c a t i n g  resources 

4 .  M o n i t o r i n g   t a s k s   a n d   s u b t a s k s  - s u p p o r t i n g  reports s u c h  as 
resources ( b u d g e t / a c t u a l )  l a t e  m i l e s t o n e s ,   m i l e s t o n e s  d u e  t he  
f o l l o w i n g   w e e k  or month,  e t c .  

S t r u c t u r i n g  Project  Management  Data 

A s  i n   t h e   d e s i g n   p r o c e s s   d e s c r i p t i o n   t h e   j o b  is t h e   b a s i c  
b u i l d i n g   b l o c k  of pro jec t  management .   F igure  5 i l l u s t r a t e s  how 
t h e   b u i l d i n g   b l o c k s  are a r r a n g e d  t o  s u p p o r t  a WBS, which is a t ree  
s t r u c t u r e  w i t h   e a c h  lower l e v e l   d e s c r i b i n g   t h e   p r o d u c t   i n   g r e a t e r  
d e t a i l .  T h i s  procedure is  t e r m i n a t e d  a t  a l e v e l  where t h e  work 
required c a n  be per formed  by  a team o f  people. The  work  performed 
by a s i n g l e   e m p l o y e e  is ca l led  a s u b t a s k ,   a n d   t h e   c o m p l e t i o n  of a 
s u b t a s k  is a c h i e v e d   b y   t h e   c o m p l e t i o n   o f  a number  of  jobs. 
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Budget   manhours  are e s t i m a t e d   a n d  actual  manhours are 
c o l l e c t e d  a t  t h e   s u b t a s k   l e v e l   a n d   t h e n   r o l l e d   u p  t o  h i g h e r  WBS 
l e v e l s .  

T h e   r u n n i n g   o f   t h e   f i r s t  jobs i n  a WBS c a n   b e   c o n s i d e r e d   t h e  
s t a r t i n g   s c h e d u l e   e v e n t   f o r   t h a t  WBS. S i m i l a r l y ,   t h e  release o f  
t h e   e n d   d a t a   f o r   t h e  l a s t  j o b   i n  a WBS c a n   b e   c o n s i d e r e d   t h e  
e n d i n g   s c h e d u l e   e v e n t .  Project  d e s i g n  is c o n c e r n e d   w i t h   t h e  
i n f o r m a t i o n   r e s u l t i n g   f r o m  a job; p r o j e c t   m a n a g e m e n t ,   o n   t h e   o t h e r  
hand,  is  c o n c e r n e d   w i t h   i n f o r m a t i o n   a b o u t   t h a t   i n f o r m a t i o n ,   w h i c h  
f o r   c o n v e n i e n c e ,  will b e   c a l l e d   h e a d e r   i n f o r m a t i o n ,  see f i g u r e  6. 
I n   a d d i t i o n ,   h e a d e r   d a t a  w i l l  c o n t a i n   o t h e r   i n f o r m a t i o n  about t h e  
d a t a   ( e . g . ,   i d e n t i f i c a t i o n  of t h e  c r ea to r ) .  T h i s   i n f o r m a t i o n  w i l l  
a d d r e s s   s u c h   t h i n g s  as  s c h e d u l e d  start  a n d   e n d   d a t e s .  

I P A D  Requ i remen t s  For Project Management 

Data and computer-program-related r e q u i r e m e n t s   c o m i n g   u n d e r  
t h e  p r o j e c t   m a n a g e m e n t   a c t i v i t y  a re  d e s c r i b e d   i n   d e t a i l  below. 
I P A D  w i l l  p r o v i d e   t h e   m e a n s   w h e r e b y   m a n a g e r s   c a n   p l a n   t h e   t a s k s  
d e f i n e d   b y  t h e  d e s i g n   p r o c e s s   n e t w o r k s .  

" P l a n "  i n  t h i s   s e n s e ,   i n c l u d e s   s c h e d u l i n g ,   a s s i g n i n g  manpower 
and computer resources t o  t a s k s   a n d   s u b t a s k s ,  a n d  i n d i c a t i n g   t h e  
d e p e n d e n c y   o f   t a s k s   o n  each o t h e r ,  see f i g u r e  3 .  

The  system w i l l  p r o v i d e   t h e   m e a n s  t o  name s u b t a s k s   a n d   t a s k s  
b y   p r o j e c t ,  to  a d d r e s s   v a r i o u s   l e v e l s   o f   p l a n n i n g ,   a n d  t o  enable  
t h e  p l a n n e r  t o  a s s i g n  task  a n d   s u b t a s k   d e p e n d e n c y   ( d e s i g n   p r o c e s s  
d e f i n i t i o n ) .  

The   p l anne r  w i l l  be  ab le  t o  a s s i g n   b u d g e t   a n d  estimated 
manhours ,  a n d  computer  resources t o  named tasks  a n d   s u b t a s k s  
t o g e t h e r  w i t h  i n f o r m a t i o n  o n  schedul ing .   Review  of   manpower   and  
computer  resources, b o t h  a c t u a l  and es t imated,  w i l l  b e   a v a i l a b l e  
( a )  a t  t h e   t e r m i n a l   u s i n g   t h e   q u e r y   p r o c e s s o r  o r  ( b )   o f f l i n e  by 
h a r d c o p y   r e p o r t s .   T h e   i n p u t  w i l l  c o n s i s t  of p ro jec t ,  WBS, t a s k ,  
or s u b t a s k  name and  a s e l e c t i o n   o f   a n y   c o m b i n a t i o n  of s c h e d u l e ,  
manpower,   computer resources, and   dependency .  A method  of 
s e l e c t i n g   s p e c i a l   d i s p l a y  formats ( e . g . ,   b a r  c h a r t  o r  o t h e r  
g r a p h i c a l   r e p r e s e n t a t i o n s )  w i l l  b e   a v a i l a b l e .  A s t a n d a r d  se t  o f  
symbols  w i l l  b e   a v a i l a b l e  t o  d e n o t e   k e y   e v e n t s   a n d   a c t i v i t i e s   a n d  
w i l l  i n c l u d e   s t - a r t / c o m p l e t e   p r o j e c t ;  complete k e y   t a s k s ;   d e c i s i o n  
m i l e s t o n e ;   a n d   b e g i n   m i l e s t o n e / e n d   m i l e s t o n e .   T h e   p l a n n i n g  
i n f o r m a t i o n  w i l l  b e   s t o r e d   a l o n g  w i t h  t h e   " h e a d e r "  t h a t  appl ies  t o  
a l l  d a t a   a n d   p r o g r a m s .  

To assist i n   p l a n n i n g  work a c t i v i t i e s ,  I P A D  w i l l  p r o v i d e   t h e  
means t o  q u e r y   t h e   p r o g r a m  headers t o  d e t e r m i n e   t h e   p l a n n i n g ,  
s t a t u s ,   a n d  other  i n f o r m a t i o n   a b o u t   a n y   s u b t a s k ,   t a s k ,  o r  WBS 
item. Managers  w i l l  require  c o n t r o l  room t y p e   i n f o r m a t i o n  
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r e f l e c t i n g  cost a n d   s c h e d u l e   s t a t u s  for e a c h   d i s c r e t e  t a sk  from a 
computer -based  master s c h e d u l e .  

A master s c h e d u l e   m u s t   b e   d e v e l o p e d   i n i t i a l l y  t o  r e p r e s e n t  
t h e  project  a c t i v i t i e s ,   t h e i r   f l o w t i m e s ,   a n d  t h e i r  
i n t e r d e p e n d e n c i e s   a n d  costs. When t h e  s t a r t i n g  date is  
e s t a b l i s h e d ,  t h e  c r i t i c a l  p a t h ( s ) ,  s l a c k  times, a n d   c o m p l e t i o n  
d a t e s   c a n   b e   c o m p u t e d .  The s y s t e m   m u s t  accept s t a t u s   a n d  cost 
reports f rom t h e  u s e r s  t o  m a i n t a i n   t h e  master s c h e d u l e .  

R e s p o n s i b l e   m a n a g e r s   i n  a l l  project  d e s i g n   d i s c i p l i n e s  m u s t  
h a v e  t h e  c a p a b i l i t y  t o  e v a l u a t e   a n d  report  p r o g r e s s   o n   t h e i r  
a c t i v i t i e s   a n d   m u s t   b e   i n f o r m e d   o f   e x c e p t i o n s  t o  t h e  e x i s t i n g  
master s c h e d u l e s  when t he i r  s c h e d u l e s  are  i m p a c t e d .  The  s y s t e m  
w i l l  h a v e   t h e  c a p a b i l i t y  t o  limit job  e x e c u t i o n   b a s e d   o n   s u b t a s k  
s c h e d u l e .  

E a c h   d i s c i p l i n e   i n  t h e  project  d e s i g n   c o m m u n i t y ,   b e g i n n i n g  
w i t h   p r e l i m i n a r y   d e s i g n ,  e i t h e r  d e v e l o p s  d a t a  for  i ts  own or  f o r  
o t h e r   d i s c i p l i n e s '   u s e  o r  d e p e n d s   o n  d a t a  f r o m   o t h e r   d i s c i p l i n e s .  
I t  may a l so  b e   i n v o l v e d  w i t h  a c o m b i n a t i o n   o f  these  s i t u a t i o n s .  
The master s c h e d u l e  t h a t   h a s  b e e n   d e v e l o p e d  is assumed t o  p r e v a i l  
u n l e s s   a n   e x c e p t i o n  h a s  been  posted (e .g . ,  a missed m i l e s t o n e ,  a 
report. t h a t   a n   a c t i v i t y  w i l l  b e   c o m p l e t e d ,  or o ther  n o t i f i c a t i o n  
t h a t  i n f o r m a t i o n  w i l l  be a v a i l a b l e  l a t e ) .  I n  case o f   a n  
e x c e p t i o n ,  t h e  s y s t e m  w i l l  a n a l y z e   t h e  impact o f  t h e  e x c e p t i o n   a n d  
p r i n t  o u t  a report f o r  d i s t r i b u t i o n  t o  each a f f e c t e d   o r g a n i z a t i o n .  
I t  is t h e n  t h e  r e s p o n s i b i l i t y   o f   e a c h   o r g a n i z a t i o n  t o  d e v e l o p  a 
workaround or to  c o n f i r m   t h e  impact. Any c h a n g e s  t o  t h e  master 
s c h e d u l e  w i l l  b e   r e p o r t e d  t o  t h e   s y s t e m .  

The i n t e r a c t i o n s   w i t h  t h e  master s c h e d u l e  w i l l  b e   e x t e n d e d  t o  
m a n u f a c t u r i n g   u s e r s  of I P A D  h a v i n g  t h e  same c a p a b i l i t i e s  t h a t  are  
a v a i l a b l e  t o  t h e   d e s i g n   u s e r s .  

M a n u f a c t u r i n g  da ta  is p r o v i d e d  t o  project  d e s i g n e r s   o n  a 
c o m m i t t e d   b a s i s ,   j u s t  a s  d e s i g n   i n f o r m a t i o n  is  p r o v i d e d  t o  
m a n u f a c t u r i n g   o r g a n i z a t i o n s .  T h i s  b e g i n s   i n   p r e l i m i n a r y   d e s i g n  
a n d   e x t e n d s  t o  formal e n g i n e e r i n g  releases and  t o  t h e  s u p p o r t   o f  
d e s i g n   c h a n g e s   d u r i n g   p r o d u c t i o n   a n d  t e s t  p h a s e s .  The  
m a n u f a c t u r i n g   u s e r  will g e t  t h e  same s y s t e m s   s u p p o r t  a s  do t h e  
d e s i g n e r s .  

USER INTERFACE 

The I P A D  u s e r   i n t e r f a c e   i n v o l v e s   t h e   f o l l o w i n g   b a s i c  
e l e m e n t s :  people ( u s e r s ) ,  tools  ( a p p l i c a t i o n   p r o g r a m s ,   u t i l i t i e s  
a n d   t h e   s y s t e m   e x e c u t i v e ) ,   p r o d u c t   ( i n f o r m a t i o n ) ,  r epor t s  
( c o m m u n i c a t i o n ) .  
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I P A D  Users 

T h e r e  are  s e v e n   c a t - e g o r i e s  of I P A D  u s e r :   c o m p a n i e s ,   d e s i g n  
a n d   m a n u f a c t u r i n g   e n g i n e e r s ,   t e c h n i c a l   m a n a g e r s ,   a p p l i c a t i o n  
p r o g r a m m e r s ,   d a t a   b a s e   a d m i n i s t r a t o r s ,   s y s t e m   a d m i n i s t r a t o r s ,   a n d  
secretaries.  Each of t h e s e   c a t e g o r i e s   h a s  i t s  separate c o n c e r n s  
t h a t   m u s t   b e   a d d r e s s e d   i f  I P A D  is  to  b e   a c c e p t e d  as a p r o d u c t  
d e s i g n  tool. I n   a d d i t i o n ,   t h e r e  a re  some g e n e r a l   n e e d s   t h a t  
a f f e c t  a l l  u s e r s .  

The IPAD s y s t e m  w i l l  permit  a s m o o t h   t r a n s i t i o n   f r o m   t h e  
e x i s t i n g   p r o d u c t   d e s i g n   e n v i r o n m e n t   i n t o   t h e  IPAD e n v i r o n m e n t ,  
permit i n d i v i d u a l   c o m p a n y   f l e x i b i l i t y   i n   s e l e c t i n g  p r ior i t ies  f o r  
i n c r e m e n t a l   i m p l e m e n t a t i o n   w h e r e v e r   p o s s i b l e ,   a n d   p r o v i d e  
parameters t h a t   c a n  be v a r i e d  t o  t u n e   t h e   s y s t e m  t o  s u i t  
i n d i v i d u a l  company  needs.  

I n d i v i d u a l  u s e r s  need  a way t o  s tore  i n f o r m a t i o n   a n d   h a v e  i t  
r e a d i l y  accessible  a n d   p r e s e n t a b l e   i n   e i t h e r  report  f o r m a t  o r  
t h r o u g h  u s e  o f   g r a p h i c  u t i l i t i e s .  The user n e e d s  t o  b e   a b l e  t o  
t r a n s f o r m  known i n f o r m a t i o n   ( i n p u t . )   i n t o   d e s i r e d   i n f o r m a t i o n  
( o u t p u t ) ,   e i t h e r  by e d i t i n g  ( h u m a n   a c t i o n )  or by  u s e  of a computer 
program or a l i n k e d   c h a i n   o f   c o m p u t - e r   p r o g r a m s .   T h e  u s e r  s h o u l d  
n o t   n e e d  t o  c h a n g e   t h e   i n p u t   i n  order to  make i t  a c c e p t a b l e  t o  t h e  
computer program: computer p r o g r a m s   a n d   d a t a   m u s t   b e   i n t e g r a t e d .  
T h e  da t a  owner   needs  t o  h a v e   c o n f i d e n c e   t h a t  w h i l e  h e  is  c r e a t i n g  
h i s  da t a  it w i l l  be f r ee  f r o m   i n t e r f e r e n c e   b y   o t h e r   u s e r s   u n l e s s  
s u c h   i n t e r f e r e n c e  is k n o w i n g l y   p e r m i t t e d   b y  t h e  owner .  When t h e  
d a t a  is  o f   a c c e p t a b l e   q u a l i t y ,  t h e  owner may make it a v a i l a b l e  
f o r  a l l  users t o  r e a d   t h r o u g h  a re lease p r o c e d u r e .   I n   a d d i t i o n  t o  
h a v i n g   d e s i g n   a p p l i c a t i o n   p r o g r a m s ,  a u s e r  n e e d s  some spec ia l  
q e n e r a l   a p p l i c a t i o n   p r o g r a m s  or  u t i l i t i e s ,  s u c h  a s  a n   e d i t o r .  
I P A D  w i l l  p r o v i d e  a l e a r n i n g   c a p a b i l i t y   s u p p o r t e d   b y  t u t -o r i a l  
t e x t s ,   p r o g r a m m e d   l e a r n i n g   u t i l i t y ,   a n d   e x a m p l e  problems. I n  
a d d i t i o n ,  t h e  s y s t e m  w i l l  p r o v i d e  " r e a l  time" a s s i s t a n c e   i n   u s i n g  
I P A D  and w i l l  address  v a r i a t i o n s   i n  u s e r  s k i l l   l e v e l ,  
p s y c h o l o g i c a l   f a c t o r s   i n v o l v i n g  user  c o n f i d e n c e ,   a n d   m i n i m i z a t - i o n  
o f  u s e r  f r u s t r a t i o n   i n  t h e  u s e  of  t h e  sys t em.  

Through  company-wide   involvement - ,   users  w i t h  a l l  k i n d s   o f  
sk i l l s  a n d   l e v e l s   o f   c o m p u t i n g   e x p e r t i s e  w i l l  b e   i n v o l v e d   i n   t h e  
u s e   o f  IPAD.  T h e   s y s t e m   m u s t   b e   a b l e  t o  r e c o g n i z e   t h e  u se r ' s  
s k i l l   l e v e l  by t h e   m a n n e r  of h i s   r e s p o n s e s  to  t h e  s y s t e m   r e q u e s t s  
and w i l l  s u p p l y   h i m   w i t h  appropr ia te  I P A D  d i a g n o s t i c s ,  prompts, 
d e f a u l t s ,   a n d   a b b r e v i a t i o n s .  

IPAD requi res  l i t t l e  or no  user a w a r e n e s s  of computer 
hardware. T h e   u s e r   i n t e r f a c e  w i l l  appear e s s e n t i a l l y   t h e  same no 
matter w h i c h  computer is  b e i n g   u s e d .  

IPAD m o n i t o r s  a l l  i n s t a n c e s   o f  da t a  and  computer program 
access a n d   p r o v i d e s  a h i s t o r y   o f  a l l  s u c h   t r a n s a c t i o n s ,   r e c o r d i n g  
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t h e   d a t a ,  who a c c e s s e d  it, a n d   t h e  time o f  access, t h u s   e n a b l i n g  
t h e   s y s t e m  to  i n f o r m   t h e  appropriate u s e r  when d a t a   c h a n g e s  occur. 

Doing  Work: User r e q u i r e m e n t s   r e l a t i v e  t o  s o l v i n g   w o r k  
p rob lems  are d i s c u s s e d   b e l o w .  A c o n v e n i e n t   b r e a k d o w n  of t h e s e  
r e q u i r e m e n t s ,   d e s c r i b i n g   t h e   w o r k  process a s  "prepare, "so lve ,  I' 

a n d   " r e p o r t , "   h a s   b e e n   s e l e c t e d .  

P r e p a r i n g  To  So lve   P rob lems :   The   des ign  process c a n   b e  a 
u s e f u l  tool i n   p r e p a r i n g  t o  s o l v e   e n g i n e e r i n g   p r o b l e m s .   T h e  
a c t i v i t i e s   d e s c r i b i n g   t h e   d e s i g n  process c a n   b e   l i n k e d  t o  a work 
b r e a k d o w n   s t r u c t u r e   o n  t.he one  hand  and t o  p e r t i n e n t   s u p p o r t i n g  
i n f o r m a t i o n   o n   t h e   o t h e r .   S u c h   s u p p o r t i n g   i n f o r m a t i o n  w i l l  
i n c l u d e   s e l e c t i o n   a n d   d i s p l a y   o f   t h e   a p p r o p r i a t e   d a t a   d e f i n i t i o n s  
and   computer   p rograms.  I P A D  w i l l  p r o v i d e   t h e   u s e r   w i t h   a s s i s t a n c e  
i n   c r e a t i n g  new computer   p rograms o r  d a t a   i n  I P A D .  

D e b u g g i n g   n e e d s   f o r   o n l i n e   p r o g r a m m i n g  w i l l  b e   a v a i l a b l e .  
T h e s e   i n c l u d e   t h e   a b i l i t y  t o  (1) d e t e r m i n e   t h e   v a l u e   o f   a n y  
p r o g r a m   v a r i a b l e ,  ( 2 )  change   program parameters w h i l e   t h e   s y s t e m  
is r u n n i n g ,  ( 3 )  d e t e r m i n e   t h e   s t a t u s   o f   t h e   d a t a   b a s e ,  ( 4 )  change  
t h e   d a t a   b a s e  a s  t h e   s y s t e m   r u n s ,  ( 5 )  s t o p   t h e   a c t i o n   a n d   t h e n  
p roceed ,   and  ( 6 )  e x e c u t e   s t e p w i s e .  

T h e   s y s t e m   p r o v i d e s  a way f o r   t h e  u s e r  t o  a s s e m b l e   d a t a   a n d  
p r o g r a m s   i n t o  a des i r ed   a r r angemen t .   wh ich  a s u b s e q u e n t  IPAD 
a c t i v i t y  might. require. Features  w i l l  b e   p r o v i d e d   t h a t   p e r f o r m  or 
a t  l e a s t  f a c i l i t a t e   l i n k i n g   c o m p u t e r   p r o g r a m s   w i t h   e a c h   o t h e r   a n d  
t h a t   e n a b l e  a u s e r  to c h e c k   t h e   c o n s i s t e n c y   o f   d a t a   a n d   t h e  
c o m p a t i b i l i t y   o f   d a t a   f l o w  among p r o g r a m s   i n   s e q u e n c e .   T h e   s y s t e m  
w i l l  permit a user  t o  create  a n d   m o d i f y   d e f i n i t i o n s   a p p l i c a b l e  t o  
d a t a  i n  t h e   d a t a   b a s e .  

On request ,  I P A D  w i l l  p r o v i d e   t h e  u s e r  w i t h   t h e  
c l a s s i f i c a t i o n   f o r   a c c e s s i n g   a n d   m a n i p u l a t i o n   o f   d a t a   a s s i g n e d  t o  
him. 

S o l v i n g  Work P r o b l e m s :   T h e   s y s t e m   p r o v i d e s  a means  o f  
a s s i s t i n g  a use r  i n   r u n n i n g  a j o b ,   w h i c h ,   i n   t h i s   c o n t e x t ,  may be 
p a r t  of a c o m p u t a t i o n a l   t a s k   a n d  may i n v o l v e  more t h a n  o n e  
c o m p u t e r   p r o g r a m   l i n k e d   i n   s e q u e n c e .   T h e   f o l l o w i n g  a re  examples o f  
a c t i v i t i e s  t h a t  w i l l  b e   a v a i l a b l e   w h i l e   r u n n i n g  a j o b :   r e v i e w i n g  
i n t e r m e d i a t e  r e s u l t s ,  o v e r r i d i n g   p r e - e s t a b l i s h e d   s e q u e n c e s ,  
r e v i e w i n g   f i n a l   r e s u l t s ,   s e l e c t i n g   f i n a l   r e s u l t s ,   a n d   c o m p a r i n g  
t h e  r e s u l t s  o f  t w o  or more programs o r  d a t a  sets and   in form t h e  
user o f   d i f f e r e n c e s   w i t h   m e a n i n g f u l   d i a g n o s t i c   m e s s a g e s .  
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A j o b  may b e  r u n   i n   a n   i n t e r a c t i v e  mode o r  s u b m i t t e d   f o r  
b a t c h   p r o c e s s i n g ,  or i t  may be i n t e r r u p t e d   i n   t h e   i n t e r a c t i v e  mode 
a n d   s u b m i t t e d   f o r  b a t c h   p r o c e s s i n g  a t  t h e   p o i n t   o f   i n t e r r u p t i o n .  

Once a job is e x e c u t i n g   ( o n l i n e  o r  b a t c h ) ,  it w i l l  be  
p o s s i b l e  to m o n i t o r   p r o g r e s s  as well as t o  v i e w   t h e   o u t p u t   i n  
p r o g r e s s .  

R e p o r t i n g :   R e p o r t i n g  refers t.0 t h e  se t  o f   a c t i v i t i e s   t h a t  
assist t h e  user  to make e x i s t i n g  da t a  v i s i b l e  t o  members   o f   t he  
I P A D  community or t o  s y s t e m  users .  R e p o r t i n g   i n f o r m a t i o n  is a n  
e s s e n t i a l  pa r t  o f   t h e   p r o d u c t .   d e s i g n   c o m m u n i c a t i o n  process. Some 
of t h e  major n e e d s  t o  b e   a d d r e s s e d  are:  

1. A g e n e r a l   r e p o r t i n g   c a p a b i l i t y   f o r  u s e  i n   d o c u m e n t a t i o n ,  
r e g u l a r   r e p o r t i n g ,   a n d  real-t ime d i s p l a y s  

2.  An E n g l i s h - l i k e   d i s p l a y   c a p a b i l i t y   f o r  u s e  by  nonprogrammers 
t o  f o r m   v i s u a l   d i s p l a y s   f o r   o n l i n e  repor t s  

3 .  T i m e l y   t r a n s m i t t a l  of d e s i g n s  created a t  a n   i t - e r a c t i v e  
c o n s o l e  t o  more precise  c o m p u t e r i z e d   d r a f t i n g   m a c h i n e s  

4 .  C o n v e r s i o n  of n u m e r i c a l   d a t a   i n t o   g r a p h i c   f o r m a t .  s u c h  as  
m u l t i p l e  x-y p l o t s ,  b a r  c h a r t s ,  c o n t o u r  p l o t s ,  and ca rpe t  
p lo ts  

5. A i d s   f o r  p ro j ec t  m a n a g e m e n t   i n c l u d i n g   d i s p l a y s   o f   t a s k  
a s s i g n m e n t s ,   p r o g r e s s ,  resources  e x p e n d e d   a n d   a v a i l a b l e ,   a n d  
m i l e s t o n e   s c h e d u l e s  

6 .  Automat . ic  r e p o r t . i n g  of s u c h   t h i n g s  a s  d a t a  d u e  i n  t h e  d a t a  
base to meet. a s c h e d u l e  d a t e  and d a t a  tha t .  i s  o v e r d u e   i n  t h e  
da t a  b a s e  

On request I P A D  w i l l  p r o v i d e  t h e  user w i t h  a report  o n   t h e  
c u r r e n t  s t a t u s  of h i s  computer resource a c c o u n t .  

I P A D  w i l l  also e n a b l e   t h e  creator or  m o d i f i e r   o f   d a t a ,  when 
s t o r i n g   s u c h   d a t a ,  t-o q u a l i f y  i t  f o r   t h e   b e n e f i t   o f   o t h e r  users.  
The a p p r o p r i a t e   q u a l i f y i n g  l abe l  w i l l  appear o n   e a c h   p a g e   o f   d a t a  
p r i n t e d  or d i s p l a y e d .  The number  and character  of t h e   q u a l i f i e r  
w i l l  b e   o p t i o n a l   i n  order t o  s a t i s f y   i n d i v i d u a l  company 
r e q u i r e m e n t s .  

E x i t  I P A D :  A f t e r   c o m p l e t i o n   o f  a work s e s s i o n   a n d  p r io r  t o  
d i s c o n t i n u i n g  computer  c o n t a c t ,   u s e   o f  t h e  command E X I T  w i l l  c a u s e  
t h e   s y s t e m  t o  p e r f o r m  t h e  f o l l o w i n g   a c t . i v i t i e s :  
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1. A report o n   t h e  s t a t u s  of t h e  da t a  or  programs a f f e c t e d   b y  
t h e   c u r r e n t   w o r k   s e s s i o n  w i l l  b e   a v a i l a b l e   ( p r i n t i n g  
o p t i o n a l ) .  

2. If t h e   s t a t u s  report shows a need  for a c t i o n   o n   t h e   u s e r ' s  
p a r t  prior t o  t h e   e n d   o f   t h e   s e s s i o n ,   t h e   s y s t e m  w i l l  
i n d i c a t e  a command mode s i t u a t i o n   f o l l o w i n g   t h e  s t a t u s  
report  . 

3 .  I f   t h e  u se r ' s  m e s s a g e   f i l e   c o n t a i n s   a n y   m e s s a g e s ,  a s u i t a b l e  
r e m i n d e r   ( e . g . ,  MESSAGE ON FILE) w i l l  be d i s p l a y e d .  

4 .  A report  o n   r e s o u r c e s  u s e d  d u r i n g   t h e   s e s s i o n  w i l l  be 
a v a i l a b l e   b u t   o p t i o n a l .  

Special  Human R e q u i r e m e n t s  

T h i s   s e c t i o n  d i scusses  r e q u i r e m e n t s   e x c e e d i n g   t h e   n o r m a l  u s e r  
n e e d s  a s  p r e v i o u s l y   d e s c r i b e d .   T h i s   i n c l u d e s   n e e d s  of special  
i n t e r e s t  users i n t e r f a c i n g   u n i q u e l y   w i t h  t h e  I T A D  s y s t e m  a s  well 
as special  n e e d s   o f   t h e   n o r m a l  user  fo r  r e i n f o r c i n g ' h i s   s y s t e m  
support  . 

Data Base A d m i n i s t r a t i o n :   T h e  I P A D  s y s t e m  m u s t  accommodate 
t h e  special  r e q u i r e m e n t s   o f  d a t a  a d m i n i s t r a t i o n .   T h e   d a t a  base 
a d m i n i s t r a t o r  is a p e r s o n  or o r g a n i z a t i o n   r e s p o n s i b l e   f o r  
e x e r c i s i n g   c o n t r o l   o v e r  I P A D  da ta .  T h i s   c o n t r o l  app l i e s  t o  
c o n t e n t ,  access, s t o r a g e ,   d e f i n i t i o n s ,   i n a c t i v e  s t a t u s ,  i n t e g r i t y ,  
e tc .  The   sys t em m u s t  r e c o g n i z e   t h e   a u t h o r i t y   o f   t h e  d a t a  b a s e  
a d m i n i s t r a t o r ( s )  t o  access t h e   s y s t e m   a n d   m u s t  allow him t o  
p e r f o r m   h i s   f u n c t i o n s .  

Both   sys tem  and   manual  procedures m u s t  b e   d e v e l o p e d   f o r   t h e  
d a t a  base a d m i n i s t r a t o r ,  who must. be ab le  t o  access t h e  I P A D  
s y s t e m   e v e n  more q u i c k l y   a n d   e a s i l y   t h a n   t h e   n o r m a l  user. The 
s y s t e m   m u s t   r e c o g n i z e   h i s   a u t h o r i t y   a n d  allow him to p e r f o r m   t a s k s  
t h a t   o t h e r  users c a n n o t .   T h e   w r i t t e n  procedures m u s t  f u l l y  
descr ibe t h e   f u n c t i o n s   a n d   a u t h o r i t y   o f   t h e  da t a  base 
a d m i n i s t r a t o r ( s ) .  

Secretar ia l :  I P A D  w i l l  p r o v i d e  a complete c a p a b i l i t y  t o  
e n t e r ,   m a i n t a i n ,   a n d   p r i n t   d o c u m e n t s .  

Sys t em  and   Pe r sona l   Messages :   The  I P A D  s y s t e m  w i l l  suppor t  
b o t h  system a n d   p e r s o n a l   m e s s a g e s   f r o m   o n e  u s e r  t o  a n o t h e r .  
Sys t em  messages  w i l l  be d i s p l a y e d   a u t o m a t i c a l l y  a t  t h e  time of 
access, a n d   m e s s a g e s   c o n c e r n i n g   i m p a i r m e n t   o f  da t a  w i l l  be  
d i s p l a y e d  a t  t h e  time t h e   i m p a i r m e n t  is d i s c o v e r e d .   P e r s o n a l  
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messages  w i l l  b e   r e t a i n e d   i n   t h e   u s e r ' s   p e r s o n a l   m e s s a g e  f i l e ,  
which may be a c c e s s e d  a t  any  time i n   t h e  command mode.  The u s e r  
is w a r n e d   b y   a n   i n c r e a s i n g l y   a n n o y i n g   w a r n i n g   t h a t   m e s s a g e s  are  i n  
h i s   p e r s o n a l   f i l e .  

Conference  Viewing  of  Data: I P A D  w i l l  p r o v i d e  f o r  m u l t i p l e  o r  
c o n f e r e n c e 7 i e w i n g  of d a t a .  To t h i s   e n d ,   c o n c u r r e n t   d i s p l a y  of 
d a t a  a t  more t h a n - o n e   t e r m i n a l  w i l l  b e   a v a i l a b l e .   I n   a d d i t i o n ,  
members o f  t h e  c o n f e r e n c e  c a n  s e l e c t i v e l y  e d i t  t h e   d a t a   b e i n g  
viewed.  

User Tools (Uti l i t - ies)  

A n u m b e r   o f   u t i l i t y   m o d u l e s  w i l l  b e   a v a i l a b l e  t o  p e r f o r m  
s e r v i c e s   f o r  I P A D  u s e r s .  The u t i l i t y   p r o g r a m s  a re  pa r t  of  t h e  
IPAD sys t em  and  w i l l  be  accessible v i a  t h e  I P A D  command l a n g u a g e .  
A t  l e a s t  t h e   f o l l o w i n g  s e t  o f  u t i l i t i e s  w i l l  b e   a v a i l a b l e :  

E x e c u t i v e   a n d   d i s p l a y   l a n g u a g e   p r o c e s s o r s  
G e o m e t r y   g e n e r a t i n g   u t i l i t y  
G r a p h i c  a i d s  
T u t o r i a l  a i d s  
Text .  e d i t i n g  
Menu b u i l d e r s  
Project management a i d s  
R e p o r t   g e n e r a t i n g  
Message   p rocesso r  
Data t r a n s f e r  a i d s  
Usage s ta t i s t ics  
S o f t w a r e   m a i n t e n a n c e  
Accoun t ing   p rog rams  
A r i t h m e t i c  a n d   l o g i c a l   o p e r a t i o n s  
C o m p u t e r - a i d e d   l e a r n i n g  
Program  deve lopment  
I n t e r f a c i n g   a n d   i n t e g r a t i n g   c o m p u t e r   p r o g r a m s  

CONCLUDING REMARKS 

T h i s  brief d e s c r i p t i o n  of t h e   e n g i n e e r ' s   v i e w s  of I P A D  
s t a r t e d  w i t h  a d i s c u s s i o n   o f   c r e a t i n g   d e s i g n   i n f o r m a t i o n   u s i n g  
' ' job" a s  a b u i l d i n g   b l o c k .  "Job" is n o t  a n  I P A D  c r e a t i o n ;  it is  
how des ign   work  is done w i t h  o r  w i t h o u t   c o m p u t e r s .  To  f u l l y  
a p p r e c i a t e   t h e   a d v a n t a g e s   o f   i m p l e m e n t i n g  ''job" i n   a n  I P A D  
e n v i r o n m e n t ,   o n e   n e e d s  a more s t r u c t u r e d   v i e w   o f  how e n g i n e e r s   d o  
t h e i r  work. 

The   fou r  major I P A D  components  were d e s c r i b e d   w i t h   b r i e f  
d e s c r i p t i o n s  of t h e  d e s i g n   p r o c e s s   a n d  t h e  n e e d   f o r   a n   i n f o r m a t i o n  
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processor  to  support   that   process.  Design project  management  was 
described i n  some d e t a i l ;  because IPAD is computer-based, it is  
necessary  to  interface  the u s e r  w i t h  t ha t  system.  Figure 7 
depicts  the  four major components of the IPAD system as  t h e y  
r e l a t e   t o  an individual  job  execution. 
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FUTURE  INTEGRATED D E S I G N  PROCESS 

Donald D.  Meyer 
Boeing Commercial A i r p l a n e  Company 

SUMMARY 

T h e   d e s i g n  process is o n e   o f   t h e  sources used  t o  p roduce  
r e q u i r e m e n t s   f o r  a computer s y s t e m  t o  in t eg ra t e   and   manage   p roduc t :  
d e s i g n   d a t a ,   p r o g r a m   m a n a g e m e n t   i n f o r m a t i o n ,   a n d   t e c h n i c a l  
c o m p u t a t i o n   a n d   e n g i n e e r i n g   d a t a   m a n a g e m e n t   a c t i v i t i e s   o f   t h e  
a e r o s p a c e   d e s i g n   p r o c e s s .   D e s i g n   a c t i v i t i e s  were g rouped  
c h r o n o l o g i c a l l y   a n d   e x p l o r e d   f o r   a c t i v i t y   t y p e ,   a c t i v i t y  
i n t e r f a c e ,   d a t a   q u a n t i t y ,   a n d   d a t a   f l o w .   T h e   w o r k  was based   on  
a n a l y s i s   o f  t h e  d e s i g n   p r o c e s s   o f   s e v e r a l   t y p i c a l   a e r o s p a c e  
p r o d u c t s ,   i n c l u d i n g   b o t h   c o n v e n t i o n a l   a n d   s u p e r s o n i c   a i r p l a n e s  a n d  
a h y d r o f o i l   d e s i g n .   A c t i v i t i e s   e x a m i n e d   i n c l u d e d   r e s e a r c h ,  
p r e l i m i n a r y   d e s i g n ,  d e t a i l  d e s i g n ,   m a n u f a c t u r i n g   i n t e r f a c e ,  
p r o d u c t   v e r i f i c a t i o n ,   a n d   p r o d u c t   s u p p o r t .   T h e   d e s i g n  process was 
t h e n  descr ibed  i n  a n  I P A D  e n v i r o n m e n t - - t h e   f u t u r e .  

INTRODUCTION 

A m o d e r n   a e r o s p a c e   v e h i c l e  i s  a c o m p l e x   i n t e g r a t i o n   o f  
s o p h i s t i c a t e d  t e c h n i c a l  s y s t e m s   p r e c i s e l y   d e s i g n e d   a n d  
m a n u f a c t u r e d  for  sa fe ty ,   economy,   and  m i s s i o n  pe r fo rmance .  The  
complex i ty   o f  these v e h i c l e s ,   t . h e i r   p r o c e s s e s ,   a n d  t h e i r  d e s i g n  
a n d   m a n u f a c t u r e   h a s   i n c r e a s e d   s t e a d i l y   o v e r  time. T h e  d e s i g n   a n d  
manufac tu re   o f  more a d v a n c e d   v e h i c l e s  a r e  l i m i t e d  by t h e  
t .echnology  and methods a v a i l a b l e  to  develop  and  manage these 
p r o c e s s e s .   T r a d i t i o n a l   d e s i g n  d i s t r i b u t i o n  a n d   a u t o m a t i o n  
c o n s t r a i n  t h e   t e c h n o l o g y   t h a t  c a n  be d e s i g n e d   i n t o   a d v a n c e d  
v e h i c l e s .   F u r t h e r ,   t h e   p r o d u c t i v i t y   1 i m i t . a t i o n s  of t r a d i t i o n a l  
d e s i g n  methods  i n c r e a s e  t h e  manpower r e q u i r e d  t o  p r o d u c e   a n d  
manage t h e  enormous  volumes of n e c e s s a r y   i n f o r m a t i o n   d u r i n g  a 
r e a s o n a b l e   f l o w  time. 

C o m p u t e r - b a s e d   t e c h n o l o g y   a p p l i c a t i o n s   h a v e   b r o u g h t   a b o u t  
s i g n i f i c a n t  improvement- i n   e n g i n e e r i n g   p r o d u c t i v i t y .   H o w e v e r ,  
these i m p r o v e m e n t . s ,   b y   f o c u s i n g   l a r g e l y   o n   i s o l a t e d   e l e m e n t s   o f  
t h e  v e h i c l e   d e s i g n   a n d   m a n u f a c t u r i n g  process, h a v e   o n l y   p a r t i a l l y  
e x p l o i t e d   t h e   p o t e n t i a l   f o r   c o m p u t a t i o n a l   e f f i c i e n c y   a n d  automated 
da t .a   communica t ion .   .There   remains  t h e  need t o  p r o v i d e  f o r  
e x p a n s i o n   a n d   i n t e r f a c e  to a l l  a s p e c t s   o f   d e s i g n ,   a n a l y s i s ,  
t e s t i n g ,   i n - s e r v i c e   m o n i t o r i n g ,   a n d   m a n u f a c t u r i n g  i n  o r d e r  t o  
lower a e r o s p a c e   v e h i c l e   d e v e l o p m e n t  cos t ,  s h o r t e n   d e v e l o p m e n t  
f l o w  t i m e ,  and   p roduce  a competit ive vehicle.  
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D u r i n g   t h e  l a t e  1960's t h e   u s e   o f   c o m p u t e r s   f o r   i n t e g r a t i o n  
o f   d e s i g n   a n d  i t s  i n t e r f a c e s   e v o l v e d  as a basic c o n c e p t .   I n   1 9 7 3 ,  
a NASA-funded f e a s i b i l i t y   s t u d y   o f   I n t e g r a t e d   P r o g r a m s   f o r  
Aerospace -Veh ic l e   Des ign  ( I P A D )  i n d i c a t e d   t h a t   i n d i v i d u a l  
p r o d u c t i v i t y   i n c r e a s e s   t h r o u g h   a u t o m a t i o n   a n d   c o m p u t e r   s u p p o r t  of 
r o u t i n e   i n f o r m a t i o n   h a n d l i n g  are  f e a s i b l e .   S u c h   a u t o m a t i o n  w i l l  
d e c r e a s e  cost and   f l ow time i n   t h e   d e s i g n   a n d   p r o d u c t i o n   p r o c e s s e s  
a n d   i m p r o v e   t h e   c o m p e t i t i v e   p o s i t i o n   o f   t h e  U . S .  i n d u s t r y .  
C o n s e q u e n t l y ,   t h e   a e r o s p a c e   a n d   c o m p u t e r   i n d u s t r i e s  becaine d e e p l y  
i n v o l v e d   d u r i n g   t h e  I P A D  f e a s i b i l i t y  s t u d i e s  a n d   c o n t i n u e  t o  g u i d e  
and c r i t i q u e  t h e   p r o g r a m   d e v e l o p m e n t .  

The I P A D  o b j e c t i v e  is t o  d e v e l o p  a comput-er -based   technology 
f o r   i n t e g r a t i o n   o f  t h e  d e s i g n   p r o c e s s   i n t o  a f o r c e f u l   e n g i n e e r i n g  
too l  w i t h   i n t e r f a c e s  to  m a n u f a c t u r i n g   c o m p u t e r i z e d   m e t h o d s   i n  
order t o  f a v o r a b l y   i n f l u e n c e   a e r o s p a c e - v e h i c l e   p e r f o r m a n c e ,  
deve lopment  cos t ,  and   f l ow time. To u n d e r s t a n d   t h i s   o b j e c t i v e ,  
one m u s t  u n d e r s t a n d   t h e   d e s i g n  process. 

T h i s  p a p e r   d e s c r i b e s   t h e   o b j e c t i v e s ,   r e s u l t s ,   a n d   e f f o r t s  
i n v o l v e d   i n   d o c u m e n t i n g   t h e   d e s i g n   p r o c e s s   ( r e f .  l ) ,  m a n u f a c t u r i n g  
i n t e r f a c e s   w i t h   d e s i g n ,   ( r e f .  2 ) ,  d e s i g n   i n f o r m a t i o n   p r o c e s s i n g  
( r e f .  3 ) ,  n e e d s   o f   t h e   d e s i g n e r   ( r e f .  4 1 ,  and-- looking  a t  t h e  
f u t u r e - - i n t e g r a t e d   d e s i g n .  

The  work was done  as  pa r t  o f   t h e  I P A D  p r o g r a m   c u r r e n t l y   u n d e r  
way a t  t h e   B o e i n g  Commercial A i r p l a n e  Company. 

THE DESIGN PROCESS DEFIMITION 

T h e   d e s i g n  process ( r e f .  1) was documented as p a r t  of t h e  
I P A D  t a s k .  I P A D ,  a n   a c r o n y m   f o r   I n t e g r a t e d   P r o g r a m s   f o r  
Aerospace -Veh ic l e   Des ign ,   has  a s  i t s  k e y w o r d s   " i n t e g r a t e d "   a n d  
"des ign . "   These  terms m u s t  b e   d e f i n e d  t o  e n s u r e   t h a t   t h e  work 
d i r e c t i o n  is  e f f e c t i v e   a n d  t o  t h e  p o i n t .  

D e s i g n   ( n o u n ) :  A p lanned   scheme o r  a r r a n g e m e n t   o f   t h i n g s  o r  
a c t i v i t i e s   l e a d i n g  t o  a d e s i r e d   e n d  r e s u l t .  T h e   d e s i g n   p r o c e s s  is  
t h e  p r o c e d u r e   i n v o l v e d  i n  c r e a t i n g  a d e s i g n .  

D e s i g n   ( v e r b ) :  T o  create  a d e s i g n   w h e r e   t h e   t a s k  is d e f i n e d  ( w i t h  
i t s  e n v i r o n m e n t ,  r e s t r a i n t s ,  a n d   f r e e d o m s )   a n d   t h e  bes t  o r  
a c c e p t e d   s o l u t i o n  is  d e v e l o p e d   d u r i n g   t h e   a v a i l a b l e  time s p a n   w i t h  
minimum t a s k  compromise. 

I n t e g r a t e   ( v e r b ) :  Make whole by b r i n g i n g  a l l  p a r t s  together. 

To make I P A D  a n   e f f e c t i v e  too l  i n   t h e   d e s i g n   p r o c e s s ,  it is 
n e c e s s a r y  t o  d e s c r i b e   t h e   d e s i g n   p r o c e s s  a s  a r e f e r e n c e ,   d e f i n e  
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t h e   n e e d s  of t h e  d e s i g n e r ,   t h e n   h a r n e s s   t h e   c o m p u t e r  t o  h e l p   w i t h  
t h e  job. 

DESIGN PROCESS DESCRIPTION 

A t o t a l  d e s i g n   c o m p l e x   c o n s i s t s   o f   r e s e a r c h ,   p r e l i m i n a r y  
d e s i g n ,   a n d   p r o d u c t  a c t i v i t i e s .  T h e s e   c a n  be e x p a n d e d   ( f o r  
c o n v e n i e n c e )   i n t o   n i n e  a c t i v i t y  l e v e l s :  

C o n t i n u i n g  research: 

L e v e l  I R e s e a r c h  

P r e l i m i n a r y   d e s i g n :  

L e v e l  I1 D e s i g n  c r i t e r i a  s e l e c t i o n  

L e v e l  I11 D e s i g n   s i z i n g  

L e v e l  I V  D e s i g n   r e f i n e m e n t  

L e v e l  V D e s i g n   v e r i f i c a t i o n  

P r o d u c t  : 

L e v e l  V I  De ta i l  d e s i g n  

L e v e l  V I 1  P r o d u c t  m a n u f a c t u r e  

L e v e l  V I 1 1  P r o d u c t  v e r i f i c a t i o n  

L e v e l  I X  P r o d u c t  suppor t  

It. s h o u l d   b e   n o t e d   t h a t ,   a l t h o u g h   n i n e   l e v e l s  a re  d e s c r i b e d ,  
t h e i r  b o u n d a r i e s  a r e  n e b u l o u s   a n d ,   i n  p r a c t i c e ,  a r b i t r a r i l y  
l abe led .  F i g u r e  1 is a n   o v e r v i e w  of these d e s i g n  process 
a c t i v i t i e s .  

E a c h   e l e m e n t   i n   f i g u r e  1 is d i s p l a y e d   i n  a symbol. 
R e c t a n g l e s   i n d i c a t e   a c t i v i t i e s   a n d   d i a m o n d s   i n d i c a t e   d e c i s i o n s .  
A r r o w s ,  o f   c o u r s e ,   i n d i c a t e   d i r e c t i o n   o f   t h e   a c t i v i t y ' s   f l o w .  

C o n t i n u i n g  Research 

The f i r s t   a c t i v i t y  l eve l ,  c o n t i n u i n g   r e s e a r c h ,  is  i n   a n   a r e n a  
b y   i t s e l f .   I n c l u d e d  are r e s e a r c h   a c t i v i t i e s  of a l o n g - t e r m   n a t u r e  
i n v o l v i n g  a s e a r c h   f o r  new materials,  c o n f i g u r a t i o n s ,   a n d  
p r o c e d u r e s  appl icable  t o  many d e s i g n   d i s c i p l i n e s .   T h e   r e s u l t s  are 
d o c u m e n t e d   f o r  f u t u r e  u s e .   T o d a y   t h e y  are   s tored i n  a f i l i n g  
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c a b i n e t ;  tomorrow t h e y  w i l l  b e   s t o r e d   i n  a compute r  da ta  base f o r  
q u i c k   a n d   e a s y  access. 

P r e l i m i n a r y   D e s i g n  

T h e   s e c o n d   g r o u p ,   p r e l i m i n a r y   d e s i g n   a c t i v i t i e s ,  is d i v i d e d  
i n t o   f o u r   l e v e l s :   d e s i g n  c r i t e r i a  s e l e c t i o n ,   d e s i g n   s i z i n g ,  
d e s i g n   r e f i n e m e n t ,   a n d   d e s i g n   v e r i f i c a t i o n .   T h i s   g r o u p   h a s  a g o a l  
and a time schedu le ,   bo th   o f   wh ich   become  more r e a l i s t i c  as t h e  
t a s k   e v o l v e s .   T h e   e a r l y   i t e r a t i v e   n a t u r e   o f   t h e s e   l e v e l s   n a r r o w s  
t o  a s i n g l e   c o n c e p t  when t h e  l a s t  l e v e l ,   d e s i g n   v e r i f i c a t i o n ,  
t a k e s   p l a c e .  

The   goa l   o f  t h e  f i r s t   o f   t h e   p r e l i m i n a r y   d e s i g n   l e v e l s  is t o  
d e t e r m i n e   t h e   d e s i g n  c r i t e r i a  ( l e v e l  11) t h a t  w i l l  r e s u l t  i n  a 
p r o d u c t   t h a t  meets t h e   g r e a t e s t   n e e d   a n d ,   t h e r e f o r e ,   h a s   t h e  
g r e a t e s t  s a l e s  p o t e n t i a l .  An IPAD- in f luenced   des ign  complex w i t h  
a dynamic   and   wel l - fed  da t a  b a s e  w i l l  d e f i n e  (o r  p r o v i d e  da t a  t o  
d e f i n e )   t h e   m a r k e t   e n v i r o n m e n t   f e a t u r e s  of e x i s t i n g   v e h i c l e s   a n d  
e x i s t i n g   a n d   p o t e n t i a l  route  s t r u c t u r e s ,  as  well as g i v e  
v i s i b i l i t y  t o  c o n f i g u r a t i o n   c o m b i n a t i o n s   o f   a i r f r a m e   a n d  
e n g i n e e r i n g   p a r a m e t e r s ,   c o m p u t e r   p e r f o r m a n c e ,   a n d   d e s i g n  t r a d e  
da t a .  Such  a d a t a  base w i l l  a l so  d e f i n e  (o r  p r o v i d e   d a t a  t o  
d e f i n e )   a i r p l a n e   e c o n o m i c   a n a l y s i s   f o r   s e l e c t i n g   t h e   c o n f i g u r a t i o n  
w i t h   t h e   b e s t   c h a r a c t e r i s t i c s   a n d  w i l l  show r e l a t i v e  c o s t  d a t a ,  
e x p e c t e d   o p e r a t i n g  costs, route  a p p l i c a t i o n s ,   a n d   f o r e c a s t   f l e e t  
economics .  

T h e   d e s i g n   s i z i n g   a c t i v i t y   ( l e v e l  111) a t t e m p t s  t o  s i z e  
s e v e r a l   p o t e n t i a l   d e s i g n s  t o  t h e  c r i t e r i a  e s t a b l i s h e d   i n   l e v e l  I1 
and t o  s e l e c t  c a n d i d a t e   d e s i g n s   f o r   f u r t h e r   r e f i n e m e n t .   T h e s e  
d e s i g n   i t e r a t i o n s   a n d   a n a l y s i s   c o m p u t a t i o n s ,   w h i l e   d e e p e r   t h a n  
l e v e l  11, are  a l l  l i m i t e d  i n  d e t a i l   a n d  broad i n   s c o p e  b u t  a re  
e s s e n t i a l   f o r   n a r r o w i n g   t h e   d e s i g n   f i e l d .   I n   a n  I P A D  e n v i r o n m e n t ,  
geometry  is e a s i l y  ca l cu la t ed ,  and   once  i t  is  e s t a b l i s h e d ,  
p e r f o r m a n c e   c a l c u l a t . i o n s  are r e a d i l y  made u s i n g   p a r a m e t r i c   d a t a  
f o r  w e i g h t   a n d   b a l a n c e ,  c ru i se  and   low-speed   per formance ,  costs ,  
a n d   m a r k e t   s u i t a b i l i t y .   I f  t h e  c o n f i g u r a t i o n   w a r r a n t s ,   s t r u c t u r e  
s i z i n g   t a k e s   p l a c e   u s i n g  a r a n g e   o f   c o n f i g u r a t i o n s   f r o m  
c o n v e n t i o n a l   ( t r i e d   a n d  t r u e )  t o  i n n o v a t i v e .   U s i n g   t h e   c a n d i d a t e  
s t r u c t u r a l  a r r a n g e m e n t s ,  w e i g h t s  a r e  c a l c u l a t e d ,  t h e  s t r u c t u r e  is 
s i z e d   f o r  s t a t i c  loads,  thermal e f f e c t s ,   s t r e n g t h ,   a n d   f a t i g u e .  
The c o n f i g u r a t i o n  is  e x a m i n e d   f o r   f l u t t e r   a n d   n o i s e   f o o t p r i n t s  
u s i n g   e s t a b l i s h e d   p a r a m e t r i c  d a t a .  S t u d i e s  are  summar ized   fo r  
p e r f o r m a n c e ,   f i n a n c e ,   a n d   m a r k e t   s u i t a b i l i t y ,   w h i c h  a r e  compared 
t o  t h e  m i s s i o n ;  t h e n   t h e   c o n f i g u r a t i o n  is  a c c e p t e d ,  re jec ted ,  o r  
m o d i f i e d .   I n   a n  I P A D  e n v i r o n m e n t ,  parametric d a t a  is  a p p l i e d   i n  
a l l  d i s c i p l i n e  areas:  g e o m e t r y ,   w e i g h t s ,   v e h i c l e   p e r f o r m a n c e ,  
s t r u c t u r e  loads a n d   s t r e n g t h ,   n o i s e ,   a n d  costs ;  a n d   a p p l i c a t i o n  
programs a re  a r r a n g e d  t o  g i v e   d a t a   n e e d e d   f o r  dec i s ion  making. 

46 



The d e s i g n   r e f i n e m e n t   a c t i v i t y   ( l e v e l  I V )  is accompl ished   by  
a p p l y i n g  more- p o w e r f u l   a n a l y s i s   c a p a b i l i t i e s   i n   p r e v i o u s l y  
r e p r e s e n t e d   t e c h n o l o g i e s   a n d   i n v e s t i g a t i n g  more areas w i t h i n  a 
g i v e n   d i s c i p l i n e .   T h i s   r e d u c e s   r i s k   q u i c k l y  by more t h o r o u g h l y  
a n a l y z i n g  major d e s i g n  areas or  c o n t r o v e r s i a l   d e s i g n   i n n o v a t i o n s  
i n   s p e c i f i c  areas. 

T h e   g o a l   o f   v e r i f y i n g   t h e   d e s i g n   ( l e v e l  V )  is t o  i n v e s t i g a t e  
a l l  p h a s e s   o f   t h e   p r o j e c t - - d e s i g n   c o n f i g u r a t i o n ,  cost ,  marke t ,   and  
f i n a n c e - - t o   f a c i l i t a t e  a g o - a h e a d   d e c i s i o n   t h a t   i n v o l v e s  minimum 
r i s k .   T h i s   v e r i f i c a t i o n  is a c c o m p l i s h e d   b y   e x c e p t i o n a l l y   t h o r o u g h  
a n d   v i g o r o u s   a n a l y s i s   a n d   t e s t i n g .  

A m a n a g e m e n t   d e c i s i o n   e i t h e r  to  p r o c e e d   w i t h   p r o d u c t i o n  or 
to  e x t e n d   d e s i g n   i n v e s t i g a t i o n   f a l l s   b e t w e e n   p r e l i m i n a r y   a n d  
p r o d u c t i o n   d e s i g n   a c t i v i t i e s .   T h i s   d e c i s i o n  is c r u c i a l .  From 
t h i s   p o i n t  o n  t h e   e x p e n d i t u r e   o f   e f f o r t   a n d  money w i l l  accelerate;  
i f   s u b s e q u e n t   c o n f i g u r a t i o n   c h a n g e s  become n e c e s s a r y ,   t h e s e  
e x p e n d i t u r e s  w i l l  b e  l o s t ,  w i t h  c o n s e q u e n t .   s c h e d u l e   a n d  cost  
p e n a l t i e s   a n d  customer d i s s a t i s f a c t i o n .  

P r o d u c t  

I n  t h e  d e s i g n   p r o g r e s s i o n ,  t h e  t h i r d  g r o u p   o f   a c t i v i t y   l e v e l s  
is p r o d u c t - o r i e n t e d .  Deta i l  d e s i g n   ( l e v e l  V I )  is o r i e n t e d  t o  o n e  
p r o d u c t .   M a n u f a c t u r i n g ' s   t a r g e t   ( l e v e l  V I I )  is  t o  b u i l d  t h a t  
p r o d u c t .   T h e   p r o d u c t  is v e r i f i e d   ( l e v e l  V I I I )  t o  comply   w i th  t h e  
d e s i g n s   a n d  t h e i r  g o v e r n i n g   r e g u l a t i o n s .  P r o d u c t  s u p p o r t   ( l e v e l  
I X )  is c h a r t e r e d .  

Deta i l  d e s i g n   ( l e v e l  V I ) ,  u s i n g   p r e l i m i n a r y   d e s i g n   l a y o u t s ,  
de f   i nes . , and  records e v e r y   p a r t ,   a s s e m b l y ,   a n d   i n s t a l l a t i o n  t h a t .  
make up the product . .  

T h e  d r a w i n g s   a n d   d a t a   p r o d u c e d   f o r  a p a r t  m u s t  be i n  
s u f f i c i e n t  d e t a i l  t o  e n a b l e   a n y   m a n u f a c t u r e r  t o  p r o d u c e  a p a r t  
tha t .  is i d e n t i c a l   ( w i t h i n   s p e c i f i e d   t o l e r a n c e s )  t o  t h a t  b u i l t  by 
a n o t h e r   m a n u f a c t u r e r  ( i . e . ,  t h e  p r o d u c e d   p a r t s  m u s t  b e   p h y s i c a l l y ,  
f u n c t i o n a l l y ,   a n d   s t r u c t u r a l l y   i n t e r c h a n g e a b l e   w i t h i n   s p e c i f i e d  
t o l e rances ) .  I n   t o d a y ' s   e n v i r o n m e n t ,  t h i s  i n v o l v e s   d r a w i n g   a n d  
d i m e n s i o n i n g   p i c t u r e s  to  d e f i n e  each p a r t ,   g a t h e r i n g   g e o m e t r y   f r o m  
t h e  l o f t  or o t h e r   l a y o u t s ,   a n d   p r o d u c i n g   d r a w i n g s   t h a t   i n t e r f a c e  
w i t h  o r  c o n t a i n   t h e   n e e d e d   i n f o r m a t i o n .   I n  a n  I P A D  environment . ,  
t h e  needed d a t a  is i n   t h e  da t a  base. The p a r t  is d e v e l o p e d  t o  
m a t c h ,  f i t ,  or c l e a r  an   approved   geomet ry  or p a r t  by a s p e c i f i e d  
v a l u e .  P i c t u r e s  a re  c o n s t r u c t e d   f r o m   t h e   d a t a  base from  any 
desired p o i n t   o f   v i e w .   T r u e   d i m e n s i o n s  a re  a v a i l a b l e   b e t w e e n   a n y  
p o i n t s   b y   q u e r y .  Where t o d a y   t h e  da t a  is d e l i v e r e d   b y  h a r d  copy 
( d r a w i n g s   a n d  d a t a ) ,  t h e  I P A D  s y s t e m  w i l l  d e l i v e r   d a t a  t o  anyone 
a s  h a r d  c o p y   a n d   d a t a  (o r  a s  a n   a u t h o r i z e d   l i n k  t o  t h e  d a t a  b a s e )  
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so t h a t   h a r d   c o p y   a n d   d a t a   c a n  be p r o d u c e d ,  tools made,  and 
c u t t i n g  tools d i r e c t e d  t o  p r o d u c e  par t s .  

Detai l  d e s i g n   i n v o l v e s   t h r e e   p h a s e s :  (1) l a y o u t ,  ( 2 )  
e v a l u a t i o n ,   a n d  ( 3 )  p r e p a r a t i o n   a n d  release o f   f o r m a l   d r a w i n g s   a n d  
da ta .  A b r i e f   d e s c r i p t i o n   o f   t h e s e   p h a s e s   f o l l o w s .  

1. 

2. 

3. 

Layout: T h e   l a y o u t   p h a s e   i n v o l v e s   e x t e n d i n g   t h e   p r e l i m i n a r y  
d e s i g n   l a y o u t s   b y   r e f i n e m e n t  or a d d i t i o n a l   l a y o u t s  so  t h a t  
t h e y  a re  s u f f i c i e n t l y  complete f o r  a d r a f t s m a n ,   e n g i n e e r i n g  
a i d e ,  or e n g i n e e r  t o  p roduce  a complete f o r m a l   d e f i n i t i o n  of 
t h e  p a r t  o r  p a r t s  desired. T h i s   a c t i v i t y   i n v o l v e s   d e e p e r  
i n v e s t i g a t i o n   o f   t h e   c o n c e p t ,  loads i m p o s e d ,   j o i n t s ,   a n d  
required p a r t  s i z i n g .  

E v a l u a t i o n :  A s e c o n d   p h a s e   i n v o l v e s   r e v i e w i n g   a n d   e v a l u a t i n g  
t h e   d e s i g n   l a y o u t   f o r   f u n c t i o n ,  cost ,  a n d   p r o d u c i b i l i t y .  
E v a l u a t i o n  may r e q u i r e   t h e  u s e  o f  a c o n f i g u r a t i o n  model. 
When t h e   d e s i g n   r e p r e s e n t e d   b y   t h e   l a y o u t s  is a c c e p t e d ,  i t  is  
p r u d e n t  t o  o r d e r   a n y   c o n s t r u c t i o n   m a t e r i a l s   t h a t  a r e  n o t  
r e a d i l y   a v a i l a b l e .  

Drawings  and Data: T h e   p r o d u c t i o n   o f   f o r m a l   d r a w i n g s   a n d  
d a t a   i n v o l v e s   p r o d u c i n g   t h e   p a r t   d e s c r i p t i o n   i n   s u c h  a 
m a n n e r   t h a t  i t  is as d i r e c t l y  useable b y   m a n u f a c t u r i n g  a s  
p o s s i b l e .   T h e   d r a f t s m a n  m u s t  know how t h e   p a r t  is t o  be 
produced, w h a t   t y p e  tools  a re  t o  be   used ,   and   what   assembly  
p r o c e d u r e s  are  i n v o l v e d .  For e x a m p l e ,   i n   t o d a y ' s   d e s i g n  
env i ronmen t ,   t he   d rawing   and  d a t a  f o r  a s h e e t  metal p a r t  
u s u a l l y   c o n s i s t s   o f  t h e  f l a t   p a t t e r n ,   t h e   b e n d   l i n e s ,   i n n e r  
a n d   o u t e r  mold l i n e s ,   l e n g t h s   o f   f l a n g e s ,   a n d   f l a n g e   a n g l e s .  
By c o n t r a s t ,   i n   a n  I P A D  e n v i r o n m e n t ,   p r o g r a m s  stored w i t h i n  
t h e  d a t a  b a s e  w o u l d  p r e p a r e   t h e   d a t a  t o  d e v e l o p   a n d   d e p i c t  
t h e   f l a t   p a t t e r n   o f   t h e   s h e e t  metal p a r t ,   n e e d i n g   o n l y  s u c h  
a d d i t i o n a l  i n p u t s  as  gage ,   bend  r a d i i ,  a n d   f l a n g e   l e n g t h s .  
I t  is c o n c e i v a b l e   t h a t .   t h e   p r o g r a m  would  a l so  i n d i c a t e  when 
a n d   w h e r e   f l a n g e   r e l i e f s   m i g h t   b e   r e q u i r e d  when t h e   b e n d   l i n e  
r a d i u s  is  too small f o r   t h e   f l a n g e   l e n g t h .  Similar  program 
tools  w i l l  b e   a v a i l a b l e   f o r  o the r  d e s i g n   d i s c i p l i n e s .  

P r o d u c t   m a n u f a c t u r e   ( l e v e l  V I I )  is  t h e  area o c c u p i e d  
p r i m a r i l y  by t h e   p r o d u c t i o n   a c t i v i t i e s   u s i n g  d e t a i l  d e s i g n  d a t a  
p r o d u c e d   i n   t h e   p r e v i o u s   a c t i v i t y   l e v e l .  Computer-aided 
m a n u f a c t u r e  is a major e n t i t y   e n c o m p a s s i n g   f i v e   g e n e r a l  areas and  
s u b a r e a s   o f   d a t a   h a n d l i n g :  (1) p r o d u c t i o n   e n g i n e e r i n g   ( i n v o l v i n g  
m a n u f a c t u r i n g   p l a n s ,  too ls ,  q u a l i t y ,   a n d   m a n u f a c t u r i n g   s t a n d a r d s ) ;  
( 2 )  f a b r i c a t i o n   s h o p s   ( i n v o l v i n g  product m a n u f a c t u r e ,  product 
t e s t ,  product  d o c u m e n t a t i o n ,   a n d   p r o d u c t   i n v e n t o r y ) ;  ( 3 )  s t a t u s  
a n d   s c h e d u l e s   r e p o r t i n g   ( i n v o l v i n g  s c h e d u l e  m a i n t e n a n c e ,  
f o r e c a s t s ,   i n v e n t o r y   c o n t r o l ,   i n v e n t o r y  s t a t u s ,  a n d   r e q u i r e m e n t s ) ;  
( 4 )  mater ia l  p r o c u r e m e n t   ( i n v o l v i n g   v e n d o r   s e l e c t i o n ,   p u r c h a s e d  
m a t e r i a l ,  r e c e i v i n g   a n d   i n s p e c t i o n ,  a n d  i n v e n t o r y   m a i n t e n a n c e ) ;  
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and ( 5 )  a c c o u n t i n g   ( i n v o l v i n g  cost a c c u m u l a t i o n   a n d   a c c o u n t i n g  
report g e n e r a t i o n ) .  

D u r i n g   t h e   m a n u f a c t u r i n g   a c t i v i t i e s ,   d e s i g n   e n g i n e e r i n g  is 
a v a i l a b l e  to assist m a n u f a c t u r i n g   b y   i n t e r p r e t i n g   d e s i g n s ,  
m o d i f y i n g   d e s i g n s  t o  ease m a n u f a c t u r i n g   a c t i v i t i e s ,   r e f e r e e i n g  
i n s p e c t i o n   p r o b l e m s ,  e tc .  

P r o d u c t   v e r i f i c a t i o n   ( l e v e l  V I I I )  c o n c e r n s   t h e   t e s t i n g   o f  
c o m p o n e n t s   a n d   c o m p l e t e d   p r o d u c t s   i n   a c c o r d a n c e   w i t h   d e s i g n  
e n g i n e e r i n g   d i r e c t i o n .   T h e  ac tua l  t e s t i n g  is pe r fo rmed   by  
m a n u f a c t u r i n g   p e r s o n n e l ,  who document t es t  a p p l i c a t i o n s   a n d  
r e s u l t s .  I n   a n  I P A D  e n v i r o n m e n t ,   t h e   d a t a  w i l l  b e   p u t   i n   t h e   d a t a  
b a s e   a n d   e x t r a c t e d  as r e q u i r e d   f o r   r e p o r t s ,   b a c k g r o u n d   f o r   d e s i g n  
r e v i s i o n s ,   a n d   f u t u r e   d e s i g n s  ( l e v e l s  I ,  I V ,  V ,  and V I ) .  

P r o d u c t   s u p p o r t   ( l e v e l  I X )  is i n v o l v e d   t h r o u g h o u t   t h e   d e s i g n  
a c t i v i t i e s  a n d   c o n t i n u e s   u n t i l   t h e  product  is n o   l o n g e r   i n  
s e r v i c e .  

S e r v i c e   h i s t o r y   i n f l u e n c e s  new d e s i g n .  P r e s e n t   s e r v i c e  
a c t i v i t i e s   t r i g g e r   d e s i g n   i m p r o v e m e n t s   a n d ,  i f   d o n e   w i t h   t h e  
c u s t o m e r  i n  mind, assist i n   s e l l i n g  c u r r e n t  a n d   f u t u r e   p r o d u c t s .  

GATHER INFORMATION 

I n   d o c u m e n t i n g   t h e   d e s i g n   p r o c e s s  it. was a p p a r e n t   t h a t  i t  
f o l l o w s   a n   i t e r a t i v e   s e q u e n c e :   a c t - i o n - e v a l u a t i o n - d e c i s i o n ,   a c t i o n -  
e v a l u a t i o n - d e c i s i o n ,   u n t i l  t-he d e c i s i o n  is made t o  a c c e p t ,  
r e d i r e c t ,  o r  s t o p   t h e   d e s i g n .  T h i s  i t e r a t i v e   s e q u e n c e  came t o  
l i g h t   i n   e x a m i n i n g  t h e  f i r s t   a c t i v i t . y   u n d e r t a k e n  t o  p e r f o r m  a 
t a s k :  t h e   " g a t h e r   i n f o r m a t i o n "   a c t i v i t y .  N o t  o n l y  is  t h i s  t h e  
f i r s t  d e s i g n  t a s k ,  b u t  i t  o c c u p i e s   f r o m   h a l f  t o  three-quarters of 
t h e   d e s i g n   e n g i n e e r ' s   e f f o r t .  T h i s  s t ep  f o l l o w s   t h e   a b o v e  
d e s c r i b e d   i t e r a t i v e   p a t t e r n   ( a c t i o n - e v a l u a t i o n - d e c i s i o n )  t o  d e f i n e  
t h e  t a s k ;   e v a l u a t e  t h e  d e s c r i p t i o n ;   a n d  decide t o  accept ,  r e j e c t ,  
mod i fy ,  or q u i t .   F i g u r e  2 i l l u s t r a t e s  s e v e r a l   v a r i a t i o n s   o f   t h e  
" g a t h e r   i n f o r m a t i o n ' '   a c t i v i t y .  Each  e l e m e n t   i n   f i g u r e  2 is 
d i s p l a y e d   i n  a s y m b o l ;   r e c t a n g l e s   i n d i c a t e   a c t i v i t i e s   a n d   d i a m o n d s  
i n d i c a t e   d e c i s i o n s .  

T h e   f o l l o w i n g   d e s c r i p t i o n   o f   f i g u r e  2 is o r i e n t e d   t o w a r d  
a i r p l a n e  s t r u c t u r a l  d e s i g n ;   h o w e v e r ,   t h e   a c t i v i t i e s   a n d   d e c i s i o n s  
a re  a p p l i c a b l e  t o  a n y   d e s i g n   f i e l d .   T h e   a c t i v i t i e s  a re  numbered 
f o r   i d e n t i f i c a t i o n .  

49 



G-1. I d e n t i f v   T a s k   R e a u i r e d  

"What is t h e   t a s k ? "  is t h e   f i r s t   q u e s t i o n  t o  be   answered .   . I f  
t h e   t a s k  is  n o t   d e f i n e d ,   t h i s  is a g a t h e r   i n f o r m a t i o n   t a s k   i n  
i t s e l f .  To i d e n t i f y  a p a r t i c u l a r   t a s k  re la ted to  d e s i g n   p r o j e c t ,  
t h e   d e s i g n e r   m u s t :  

1. Read t h e   d e s c r i p t i o n   o f   t h e   s t r u c t u r a l   e l e m e n t  t o  b e   d e s i g n e d  

2. Read t h e   d e s i g n   r e q u i r e m e n t s   a n d   o b j e c t i v e s   d o c u m e n t a t i o n  

3 .  Read t h e   d e s i g n  c r i t e r i a  document 

4 .  Read a p p l i c a b l e   d e s i g n   g u i d e s  

5. R e v i e w   s t r u c t u r a l   a r r a n g e m e n t s   a n d   l a y o u t s   d e v e l o p e d   i n  
e a r l i e r  t a s k s  

6 .  Read appl icable  ru les  a n d   r e g u l a t i o n s  

7 .  Read s c h e d u l e   a n d   e v a l u a t e   m a n p o w e r   r e q u i r e m e n t s  

G-2 .  S p e c i f y   I n f o r m a t i o n  R e q u i r e d  

H a v i n g   i d e n t i f i e d   t h e   t a s k ,  i t  t h e n   b e c o m e s   n e c e s s a r y  t o  l i s t  
what  is needed  t o  b e g i n   d e s i g n .  Any or a l l  o f   t h e   f o l l o w i n g  items 
( a n d / o r   o t h e r s )  may b e   r e q u i r e d :  

S u r f a c e   d e f i n i t i o n s :   e x t e r n a l   a n d   i n t e r n a l   c o n t o u r s  
L o c a t i o n   o f   a d j a c e n t   s t r u c t u r e   a n d   i n t e r f a c e  
L o c a t i o n   o f   s y s t e m s   p r o v i s i o n s   a n d   i n t e r f a c e s  
Loads  and load cases 
S t r u c t u r a l   e l e m e n t   a n d   j o i n t   c o n c e p t s  
A p p r o v e d   f a s t e n e r  l i s t s  a n d   s t a n d a r d s  
Material allowables and s t r e n g t h  da t a  
Process a n d   f a b r i c a t i o n   s p e c i f i c a t i o n s  
F i n i s h   a n d   s e a l i n g   d o c u m e n t s  

G-3 .  Review Data Base 

S e a r c h  da ta  b a s e   c o n t e n t s   f o r  a l l  i n f o r m a t i o n   s p e c i f i e d  
a b o v e .   T h i s   i n f o r m a t i o n  is  u s u a l l y   p r o j e c t - d e p e n d e n t  as  well  as 
g e n e r a l   i n   n a t u r e ,   a n d  i t  may be f o u n d   i n   b o t h   g r o u p   a n d   p r i v a t e  
f i l e s .  

G-4 .  Data Base 

T h i s   f i l e   ( i n f o r m a t i o n   p r o c e s s o r )  is f o r   r e t e n t i o n  of b o t h  
g e n e r a l   a n d   s p e c i f i c   i n f o r m a t i o n   o f   i n t e r e s t .  t o  e n g i n e e r i n g .  I t  

50 

... , 



c o n s i s t s   i n  p a r t i c u l a r  of t h a t   w h i c h  is  n e c e s s a r y  f o r  new p r o d u c t  
deve lopmen t :  

F i x e d   t y p e s   o f   i n f o r m a t i o n :  

U n i t  c o n v e r s i o n s  
Material allowables 
P r o c e s s   s p e c i f i c a t i o n s  
E n v i r o n m e n t a l   c o n d i t i o n s  
S t . r u c t u r a 1  properties 

G e n e r a l   t y p e s  ( less  s t a t i c  t h a n   f i x e d   t y p e s ,   a b o v e ) :  

D e s i g n  c r i t e r i a  
D e s i g n   g u i d e s  
S t a n d a r d  p a r t s  

R e l a t i v e l y   s p e c i f i c  b u t  f r e q u e n t l y   c h a n g e d   t y p e s :  

C o n f i g u r a t i o n   l o f t   g e o m e t r y  
S t r u c t u r a l  a r r a n g e m e n t  
E x t e r n a l  loads 
S t r u c t u r a l  c o n c e p t s  
S y s t e m s   r e q u i r e m e n t s  

G-5. I n f o r m a t i o n   A v a i l a b l e ?  

D e t e r m i n e   t h e   a v a i l a b i l i t y   o f   e a c h  piece o f   i n f o r m a t i o n  
r e q u i r e d .   I f  i t  is a v a i l a b l e ,  s e l ec t  i t ;  i f   n o t ,  i t  must  be 
g e n e r a t e d .  

G-6. I d e n t i f y   S o u r c e  

For e a c h   i n f o r m a t i o n  item or c a t e g o r y   i d e n t i f i e d  as 
a v a i l a b l e ,   t h e  source m u s t  be i d e n t i f i e d .  

G-7. R e t r i e v e   I n f o r m a t i o n  

S e a r c h   t h e  d a t a  base a t  s o u r c e s   i n d i c a t e d   i n  G-4 a b o v e   f o r  
t h e   s p e c i f i e d   i n f o r m a t i o n .  

G-8 .  D i s p l a y   I n f o r m a t i o n  

D i s p l a y   i n f o r m a t i o n   f o r m a t t e d  t o  p r o v i d e   t h e   b e s t  
u n d e r s t a n d i n g   o f   t h e   t a s k  a t  hand .   Combine   a lphanumer ic   and  
g r a p h i c   d i s p l a y s  as r e q u i r e d .  
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G-9. E v a l u a t e   I n f o r m a t i o n  

Rev iew  each   i n fo rma t ion  item r e t r i e v e d   f r o m   t h e  da ta  base f o r  
c o m p l e t e n e s s ,   a c c u r a c y ,   a n d   a p p r o p r i a t e n e s s .  

G-10. I n f o r m a t i o n  Correct? 

For e a c h  piece o f   i n f o r m a t i o n   e v a l u a t e d ,   d e t e r m i n e   w h e t h e r  it 
is  cor rec t  o r  a t  l e a s t  s u f f i c i e n t l y   a c c u r a t e   f o r  u s e  i n   t h e  
d e s i g n .  Does it have  a sound bas i s  f o r   c r e d i b i l i t y ,   a n d  does it 
s a t i s f y   t h e   n e e d s   o f   t h e   d e s i g n   p r o b l e m ?  

G - 1 1 .  S a v e   I n f o r m a t i o n   i n   P r i v a t e  (o r  S u b t a s k )  Data Area. 
~ ~~ - " "" ~ - 

R e t a i n   t h e   i n f o r m a t i o n  selected o r  g e n e r a t e d  as p a r t  o f  a 
l o c a l  f i l e   f o r   f u t u r e   u s e   i n   d e v e l o p m e n t   a n d   s y n t h e s i s   o f   t h e  
d e s i g n .  

G - 1 2 .  I n f o r m a t i o n  Complete? 

De te rmine   whe the r  a l l  of t h e   i n f o r m a t i o n  requi red  to  d e v e l o p  
t h e   d e s i g n   h a s   b e e n  co l l ec t ed .  

G-13. S t a r t  Des ign  

A t  t h i s   p o i n t ,  a l l  o f   t h e   i n f o r m a t i o n  is a v a i l a b l e   a n d   t h e  
d e s i g n   t a s k   c a n  s tar t .  Th i s   symbol  ( G - 1 3 )  i s  a n y   ' ' d o "   t a s k   i n   a n y  
n e t w o r k   r e q u i r i n g   s u c h   a c t i o n  items as  d e v e l o p ,  draw,  ca l cu la t e ,  
u p d a t e ,  e t c .  

G - 1 4 .  R e p e a t ?  

D e t e r m i n e   w h e t h e r   a n o t h e r   i n f o r m a t i o n  item, s imi l a r  t o  t h a t  
j u s t  g e n e r a t e d ,   s h o u l d  be selected or g e n e r a t e d   e x a c t l y   i n   t h e  
same manner as t h e  l a s t  i n f o r m a t i o n  item. When i t  is  d e c i d e d   t h a t  
more i n f o r m a t i o n  is  required u s i n g   t h e  same m e t h o d s ,   t h e  
p r o g r e s s i o n  i s  t o  G-15, w h e r e   t h e   c h o i c e  is made. 

G-15. Select  or  G e n e r a t e ?  

T h e   c h o i c e  made h e r e  is automatic,  s i n c e  i t  p a r a l l e l s   t h e  
method used  t o  s e c u r e   t h e  l a s t  i n f o r m a t i o n .   I f   i n f o r m a t i o n  was 
selected,  t h e   p r o c e s s i o n  i s  t o  G-7, " R e t r i e v e   I n f o r m a t i o n , "   a n d   i f  
t he   me thod  used was g e n e r a t i o n ,   t h e n   t h e   p r o g r e s s i o n  i s  t o  G - 1 7 ,  
"Method  Avai lab le?"  
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T h e   p r o g r e s s i o n   c o n t i n u e s   u n t i l  a l l  g e n e r a t e d   a n d / o r   s e l e c t e d  
i n f o r m a t i o n   h a s   b e e n   g a t h e r e d   a n d   a c c e p t e d ;   t h e n   t h e   t a s k   b e g i n s  
(G-13) .  

THE FUTURE INTEGRATED D E S I G N  PROCESS 

An Overview 

T h e   d e s i g n  process o f  t h e  f u t . u r e  w i l l  b e   f u n d a m e n t a l l y   t h e  
same as t h a t   o f   t o d a y :   a n   i t e r a t i v e  process t h a t   p r o d u c e s   d e s i g n s  
p r o g r e s s i v e l y  closer t o  t h e   d e s i g n   t a r g e t   u n t i l   a n  acceptable 
compromise b e t w e e n   q u a l i t y ,  time, and  money i s  reached .   The  
p r i m a r y   d i f f e r e n c e s   b e t w e e n   t o d a y ' s   d e s i g n  process a n d   t h a t   o f   t h e  
f u t u r e  w i l l  be f o u n d   i n  t h e  tools u s e d ,   t h e   q u a l i t y   o f   d e s i g n ,   t h e  
ease o f   d a t a   d i s t r i b u t i o n ,   a n d   t h e   s w i f t n e s s   o f   a c c o m p l i s h i n g   t h e  
d e s i g n  task .  

The I P A D  d e s i g n  t.ools o f   t h e   f u t u r e   t h a t  w i l l  c o n t r i b u t e  most 
t o  t.he enhancement   o f  t h i s  process are  a w e l l - f i l l e d ,   c u r r e n t ,   a n d  
e a s i l y  accessed d a t a  base; a dynamic  and g r a p h i c  geomet ry  
g e n e r a t i o n ,   s t o r a g e ,   a n d   d i s p l a y   c a p a b i l i t y ;   a n d  t h e  i n t e g r a t i o n  
o f  these tools w i t h  computer p r o g r a m s   f o r   e f f e c t i v e  problem 
s o l v i n g .  

I m p r o v e d   P r o d u c t i v i t y   T h r o u g h  More E f f i c i e n t  
Use o f   Des ign  T i m e  

To be c o m p e t i t i v e ,   e a c h  new g e n e r a t i o n   o f  a g i v e n   p r o d u c t  
s h o u l d   p e r f o r m   b e t t e r ,   w e i g h  less,  cost  less,  las t .  l o n g e r ,  r equ i r e  
less ma in tenance ,   and   be   p roduced  more r a p i d l y   t h a n  i t s  
predecessor or  i t s  competitors. These  a r e  a l l  f u n c t i o n s  of 
d e s i g n .  

A s  d e s i g n  t i m e  is u s e d   a n d   a l l o c a t e d   t o d a y ,  a v e r y   l a r g e  
p o r t i o n  ( a s  much as  75 p e r c e n t )  of t h e  d e s i g n e r ' s  time is  
n e c e s s a r i l y   d e v o t e d  t o  what  may b e   t h o u g h t   o f  a s  r o u t i n e   a n d  
r e p e t i t i v e   a c t i v i t i e s  s u c h  a s  q u e r y i n g   t h e   d a t a   b a s e   a n d  
e x t r a p o l a t i n g   e x i s t i n g   d e s i g n   d e t a i l   i n t o  new c o n f i g u r a t i o n s .  
I n t o   t h e   r e m a i n i n g  2 5  or so  p e r c e n t   o f   a v a i l a b l e   d e s i g n  time, a l l  
o f  t h e  n o n r o u t i n e   p o r t i o n s  of t h e   t a s k - - t h e   i n n o v a t i v e ,   u n i q u e ,  
o r i g i n a l ,   a n d   s o p h i s t i c a t e d   e l e m e n t s   o f  t h e  c r e a t i v e   p r o c e s s - - m u s t  
b e   c o m p r e s s e d .  To  a c h i e v e  o p t i m u m  s k i l l   u t i l i z a t i o n   a n d  
c o n s e q u e n t   i m p r o v e m e n t s   i n   q u a l i t y   a n d   p r o d u c t i v i t y ,   t h e   r e l a t i v e  
amoun t s   o f  time d e v o t e d  to t h e s e   d e s i g n  process e l e m e n t s  ( i . e . ,  
r o u t i n e   a n d   n o n r o u t i n e   t a s k s )   s h o u l d   b e   r e v e r s e d .  

I n   a n  I P A D  e n v i r o n m e n t ,   t h e   r o u t i n e   d e s i g n   e l e m e n t s  w i l l  b e  
g r o u p e d ,  i n t e g r a t e d ,   p r o g r a m m e d ,  a n d   a c c o m p l i s h e d   i n  a b o u t   o n e -  
t h i r d   o f  t h e  time now requi red .  Th i s   means  t h a t  t h e  r e m a i n i n g  

I 
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t w o - t h i r d s   o f   t h e   d e s i g n e r ' s  time w i l l  b e   s a v e d .   I n   o t h e r  words, 
t w o - t h i r d s  of t h e  75 p e r c e n t  now u s e d   f o r   r o u t i n e   d e s i g n  de t a i l s  
(or 50  p e r c e n t  of t o t a l  d e s i g n  time) w i l l  be added  t o  t h e  25 
p e r c e n t   t h a t  is now n o r m a l l y   r e s e r v e d   f o r   u n i q u e   d e s i g n   f u n c t i o n s .  
B y  t h i s   s h i f t ,   t h e   d e s i g n e r  w i l l  a t  l a s t  be free to  c o n c e n t r a t e   o n  
t h o s e  areas w h e r e   t h e   b i g   p a y o f f s   c a n  be e x p e c t e d - - t h e   w e i g h t ,  
cost ,  a n d   m a i n t e n a n c e   r e d u c t i o n s   a n d   t h e   d u r a b i l i t y   a n d  
p e r f o r m a n c e   i m p r o v e m e n t s - - i n   s h o r t ,   o n   t h e  areas where major 
p r o d u c t i v i t y   g a i n s   c a n   b e   r e a l i z e d .   ( S e e   f i g u r e  3 . )  

The V i s u a l   A d v a n t a g e  

Among t h e  most d i f f i c u l t   t - a s k s   o f   t h e   d e s i g n e r - - a n d   t h e  most 
c r i t i c a l  f r o m   t h e   s t a n d p o i n t   o f   t h e   p r o d u c t   p r o d u c e r - - a r e   t h e  
d e t e r m i n a t i o n   o f   t h e  precise d e s c r i p t i o n   o f  a p a r t   a n d   t h e  
e s t a b l i s h m e n t   o f  i t s  s p a t i a l   l o c a t i o n   i n   r e l a t i o n  t o  o t h e r  
c o m p o n e n t s .   T h e   g e o m e t r y   c a p a b i l i t y   o f  I P A D  is ,  t h e r e f o r e ,   o n e   o f  
t h e   s y s t e m ' s   g r e a t e s t .   b e n e f i t s  t o  b o t h   t h e   d e s i g n e r   a n d   t h e  
p r o d u c t - p r o d u c i n g   o r g a n i z a t i o n ,   f o r  i t  e x p o s e s   f r o m   e v e r y  
v i e w p o i n t   t h e   p h y s i c a l   s h a p e   o f   a n  object ( t h e   p a r t )  as  well as 
i t s  f i t s ,   i n t e r f a c e s ,   a n d   c l e a r a n c e s .   W i t h  I P A D ,  b o t h   t h e  
d e s i g n e r   a n d   t h e   b u i l d e r   o f   t h e   f u t u r e  w i l l  h a v e   r a p i d  access t o  a 
c o m p l e t e   v i s u a l   a n d   d i m e n s i o n a l   d e s c r i p t i o n   o f   t h e  pa r t  v i a  t h e  
geomet ry  d a t a  base. 

CONCLUDING REMARKS 

F u t u r e   u s e s   o f   t h e   c o m p u t e r   i n   t h e   d e s i g n   p r o c e s s  w i l l  allow 
more i n - d e p t h   d e s i g n   i n t e r a t i o n s   o v e r  a g i v e n  period by p r o v i d i n g :  

1. 

2. 

3 .  

4 .  

5. 

6. 

A d a t a  b a s e   w i t h   c a p a b i l i t y   f o r  almost i n s t a n t   a n s w e r s  t o  
q u e r i e s   f o r  a g r e a t e r   n u m b e r   o f   d e s i g n s  

Geometric c a p a b i l i t i e s  f o r   r a p i d  s p a t i a l  c o n f i g u r a t i o n   w i t h  
u n l i m i t e d   v i e w p o i n t s  t o  v e r i f y   s h a p e s ,   c l e a r a n c e s ,   a n d   f i t s  

Rapid a n d   a c c u r a t e   t r a n s f e r   o f  data  to  a n d   f r o m   i n t e r f a c i n g  
d e s i g n s  t o  accommodate i n t e r f a c e s   a n d   e l i m i n a t e   i n t e r f e r e n c e s  

M a n u f a c t u r i n g  d a t a  o n   c a p a b i l i t i e s ,   t e c h n i q u e s ,   a n d  cos ts  i n  
t h e   f a b r i c a t i o n   o f   d e s i g n s   a n d   t h e   p r o c u r e m e n t   o f  materials 

I n t e g r a t i o n   o f  computer p r o g r a m s   f o r   s o l v i n g   i n t r i c a t e  
p rob lems  

V i s i b i l i t y   o f   d e s i g n s  a t   des i r ed  scales  on   ha rd   copy   and  
scopes a t  any time 
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7.  M a n u f a c t u r i n g   d a t a   t h a t   c a n   b e   f e d   i n t o   n u m e r i c a l l y  
c o n t r o l l e d   m a c h i n e s   f o r   p r o d u c i n g  par t s  o r  tools.  

T h i s  paper h a s  a t t e m p t e d  to  r e v e a l  some p o t e n t i a l   g a i n s ,   f r o m  
a d e s i g n e r ' s   v i e w p o i n t ,   t h a t  w i l l  b e   a c h i e v e d  i n  t h e  f u t u r e  
t h r o u g h   i n t e g r a t i o n   o f   i n f o r m a t i o n   w i t h   a c t i v i t i e s  ( i  .e., d a t a  
w i t h   t h e   d e s i g n  process) .  A c h i e v e m e n t   o f   t h e s e   p o t e n t i a l s  w i l l  
d e p e n d ,  t o  a c o n s i d e r a b l e   e x t e n t ,   o n   t h e   i n d i v i d u a l   a n d   o n   t h e  
d i r e c t i o n ,  ass is tance,  a n d   ' f r e e d o m   t h a t  is  a f f o r d e d   b y   t h e   s y s t e m .  
D e s i g n e r s   o f   t h e   f u t u r e  w i l l  b e n e f i t  from a f u t u r e   i n t e g r a t e d  
d e s i g n  process t o  t h e   e x t e n t   t h a t   t h e y  are a b l e ,   w i l l i n g ,   a n d   f r e e  
t o  

1. 

2. 

3.  

4 .  

u s e  it. 
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REQUIREMENTS FOR COMPANY-WIDE MANAGEMENT 

OF ENGINEERING INFORMATION 

John W. Southall 
Boeing Commercial Airplane Company 

SUMMARY 

Computing system requirements were developed for company-wide 
management of information and computer programs in an engineering 
data processing environment. The requirements are essential to 
the successful implementation of a computer-based engineering data 
management system; they exceed the capabilities provided by the 
commercially available data base management systems. These 
requirements were derived from a study entitled "The Design 
Process," which was prepared by design engineers experienced in 
development of aerospace products. 

INTRODUCTION 

Engineering data processing has been  in a continuing state of 
evolution that  has  seen the  use  of computers expand from problem 
solving to very large interdependent processing systems. Each new 
aerospace product line is more complex than its predecessor, and 
this results in increased specialization and complexity among the 
engineering disciplines and a greater need for precise 
communication and comprehensive methodology integration. 
Computer-based systems have been  used successfully to support 
integration of some  design and analysis functions. These systems 
support data communication between a limited set of related 
internal functions but are developed with little consideration for 
management, communication,  or control of information outside of 
the  system. Current practice in handling  the  total engineering 
data communications relies mainly on human intuition and knowledge 
resources. However, as the volume of data increases, so do the 
skills and resources required for maintaining reliability and 
control of data, and these become a significant cost factor. 
Thus, the critical items in communication are (1) the volume of 
information being managed, controlled, transmitted, and 
interpreted  and ( 2 )  the effect of the  increasing volume of 
information on cost, response time, and integrity of information. 

The solution to the data communication problem will use 
computerized methods for more effective management of the 
engineering design information.  It is expected that this will 
have productivity bene.fits comparable to those achieved by  using 
the arithmetic computational power of the computers in engineering 
work. While the computational benefits can be realized within 
isolated subprocesses, the benefits of computerized data 
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management w i l l  m a t e r i a l i z e   o n l y   i f  a l l  da ta  (or  a t  l e a s t  a l l  
major s u b s e t s   o f   r e l a t e d   d a t a )  are managed i n  a c o n s i s t e n t ,  
comprehens ive   way .   Through   such   i n t eg ra t ed   managemen t   o f  t h e  
e n g i n e e r i n g  processes a n d   t h e i r   d a t a ,   t h e   c o m p u t e r  w i l l  become a 
more e f f e c t i v e   e n g i n e e r i n g   d e s i g n   s u p p o r t  tool.  The I P A D  s y s t e m  
is b e i n g   d e v e l o p e d  t o  s u p p o r t   t h i s   c a p a b i l i t y .  

The I P A D  r e q u i r e m e n t s   f o r   p r o c e s s   i n t e g r a t i o n   a n d   m a n a g e m e n t  
o f   e n g i n e e r i n g   d e s i g n   i n f o r m a t i o n  are  d e s c r i b e d   i n  t h i s  paper. 
They are d e r i v e d   f r o m   a n a l y s i s   o f   e n g i n e e r i n g   d e s i g n   p r o c e s s e s  
( r e f .  l ) ,  i n t e r a c t i o n   w i t h   m a n u f a c t u r i n g   p r o c e s s e s   ( r e f .  2 ) ,  and 
management   systems  used t o  d i r e c t   e n g i n e e r i n g   d e s i g n   p r o c e s s e s  
( r e f .  3 ) .  T h i s  a n a l y s i s   p r o d u c e d  two d i s t i n c t  sets o f  
r e q u i r e m e n t s .  The f i r s t  s e t  ( r e f .  4 )  d e s c r i b e s   n e e d s  t o  s u p p o r t  
i n t e g r a t i o n   o f   e n g i n e e r i n g  processes t h a t   p r o d u c e  t h e  t e c h n i c a l  
d e s c r i p t i o n   o f  a p r o d u c t .   T h e s e   n e e d s   f a l l   i n t o   f o u r  areas:  (1) 
d e s i g n   p r o c e s s   s u p p o r t ,  ( 2 )  project  management   suppor t ,  ( 3 )  
in format ion   management ,   and  ( 4 )  c o m p u t e r   p r o g r a m s   ( s o f t w a r e )  
management.   The  second s e t  ( r e f .  5 )  d e s c r i b e s  t h e  n e e d s   o f  
i n d i v i d u a l  users ( e n g i n e e r s ,   m a n a g e r s ,   a n d  o thers )  who u s e  
c o m p u t i n g   s y s t e m s   i n  t he i r  d a i l y   a c t i v i t i e s .  These n e e d s   f a l l  
i n t o  two p r i n c i p a l  areas: (1) t h e  u s e r  i n t e r f a c e  w i t h  comput ing  
s y s t e m s   a n d  ( 2 )  t h e   e x e c u t i o n   o f   c o m p u t e r   p r o g r a m s  a s  user jobs. 
F i g u r e  1 shows   an   ove rv iew  o f  these r e q u i r e m e n t  areas as  t h e y  
r e l a t e  t o  o n e   a n o t h e r .  The user  i n t e r f a c e ,  project  management 
s u p p o r t ,   a n d   d e s i g n  process s u p p o r t   s e c t i o n s  a re  d e s c r i b e d   i n  
companion papers ( r e f s .  6 and 7 ) .  T h e   g e n e r a l  cha rac t e r i s t i c s  f o r  
management of e n g i n e e r i n g  da t a  were p r e s e n t e d   i n  a p r e v i o u s   p a p e r  
( r e f .  8 ) .  T h i s   p a p e r   d e s c r i b e s  t h e  I P A D  r e q u i r e m e n t s   f o r  company- 
w i d e   m a n a g e m e n t   o f   e n g i n e e r i n g   i n f o r m a t i o n   i n  t h e  areas o f  
i n t e g r a t i o n   s u p p o r t ,   i n f o r m a t i o n   m a n a g e m e n t ,   a n d   c o m p u t e r   p r o g r a m  
management. 

INTEGRATION SUPPORT 

The  I P A D  r e q u i r e m e n t s   c o v e r  a w i d e   r a n g e   o f   d i v e r s e  user  
a c t i v i t i e s .  Some examples  are  (1) s i m p l e   e d i t i n g   o f  a t e x t  f i l e ,  
( 2 )  c r e a t i n g   c o m p l e x   g e o m e t r i c   s u r f a c e   m o d e l s   o f   p h y s i c a l   o b j e c t s ,  
and ( 3 )  m a i n t a i n i n g   a n   i n f o r m a t i o n   b a n k  of e n g i n e e r i n g  data  
( i n c l u d i n g   g e o m e t r y )   i n  a c h a n g e - c o n t r o l l e d   e n g i n e e r i n g  
e n v i r o n m e n t .   I n   a d d i t i o n ,  a l l  of these f u n c t i o n a l   c a p a b i l i t i e s  
m u s t  b e   s u p p o r t e d   i n   a n   i n t e r a c t i v e   c o n v e r s a t i o n a l  mode w i t h  a 
common i n t e r f a c e   l a n g u a g e   f u n c t i o n i n g  across m u l t i p l e   p r o c e s s o r s .  

A c r i t i c a l  a s p e c t   o f  t h e  r e q u i r e m e n t s  is t h e  b l e n d i n g  of t h e  
e n g i n e e r i n g   t e c h n i c a l  processes a n d   t h e  p ro jec t  management 
p r o c e s s e s   i n t o   a n   i n t e g r a t e d   w o r k i n g   e n v i r o n m e n t .   T h i s  
e n v i r o n m e n t   m u s t   p r o v i d e  semiautomated bookkeeping  of p r o j e c t   d a t a  
s o  t h a t  t h e  s o u r c e ,  s t a t u s ,  a n d   q u a l i t y   o f  t h e  da t a  deve loped   and  
used   by  a d e s i g n   p r o j e c t  are  i d e n t i f i e d   a n d   r e a d i l y   u p d a t e d   i n  a 
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c h a n g e - c o n t r o l l e d   d a t a   b a s e .   T h i s   f e a t u r e   m u s t  be a d e q u a t e  t o  
r e l i e v e   t h e   e n g i n e e r   f r o m   t h e   r o u t i n e   b u r d e n  of t r a c k i n g   d a t a .  
T h e   f o l l o w i n g   s u b s e c t i o n s   d e s c r i b e   i n t e g r a t i o n  capab i l i t i e s  t h a t  
m u s t  b e   s u p p o r t e d .  

User Access 

T h e   s y s t e m   m u s t   s u p p o r t   i n t e r a c t i v e   t e r m i n a l s   a n d   p r o v i d e  
m u l t i p l e - u s e r  access to  a l l  s y s t e m   c a p a b i l i t i e s   t h r o u g h   a n  
e n g i n e e r i n g - o r i e n t e d   l a n g u a g e .   T u t o r i a l   a i d s   m u s t   b e   a v a i l a b l e  t o  
answer  u s e r  q u e s t i o n s .   T h e  u s e r  i n t e r f a c e   m u s t   i d e n t i f y   e a c h   u s e r  
a n d   m a i n t a i n  a u s e r  p r o f i l e  d a t a   b a s e   t h a t   p r o v i d e s  t h e  primary 
s e c u r i t y   c o n t r o l   f u n c t i o n   i n   t h e   s y s t e m .  User i n t e r f a c e  commands 
must  a l so  b e   a v a i l a b l e  t o  users i n   t h e   b a t c h  mode f o r   s u c h  
a c t i v i t i e s  as i n p u t t i n g   l a r g e   q u a n t i t i e s   o f   b u l k   d a t a  from 
e x t e r n a l   s o u r c e s  or e x e c u t i n g   c o m p l e x   a n a l y s e s   t h a t  require 
e x t e n s i v e   c o m p u t a t i o n s .  

User C o n t r o l  

The c a p a b i l i t y  is r equ i r ed  i n   b o t h   i n t e r a c t i v e   a n d   b a t c h  
modes t o  e x e c u t e   u t i l i t y   a n d   a p p l i c a t i o n   p r o g r a m s   u s i n g   p r o c e d u r e s  
i n i t i a t e d ,   c o n t r o l l e d ,   a n d   t e r m i n a t e d   f r o m   t h e  u s e r  i n t e r f a c e  
l a n g u a g e .   I n   a d d i t i o n ,  a h i g h - l e v e l   t e r m i n a l   s e s s i o n   m a n a g e m e n t  
f u n c t i o n  i s  r e q u i r e d  t o  p r o v i d e   t h e   e n g i n e e r  w i t h  c o n t i n u i t y   i n  
day-to-day work. I t  is n e c e s s a r y  t o  allow t h e  user to b u i l d   u p  
and   mod i fy  t h e  c o n t e n t s   o f  a p r i v a t e   d a t a  base o v e r  many t e r m i n a l  
s e s s i o n s .  These  p r i v a t e  d a t a  b a s e s ,   i d e n t i f i e d  as s u b t a s k   d a t a  
areas,  a r e  l o g i c a l l y  p a r t  of a n   o v e r a l l   i n f o r m a t i o n   b a n k  b u t  
r e m a i n   p r i v a t e   u n t i l  t h e  u s e r  takes a c t i o n  to  re lease t h e  d a t a  to  
a r e l e a s e d  d a t a  a rea .  Released d a t a  m u s t  b e   a c c e s s i b l e  t o  a l l  
approved  users ,  d e p e n d i n g   o n   t h e   s e c u r i t y   a s s i g n e d  t o  t h e  data .  
C o n t r o l   f u n c t i o n s  s u c h  as  t h e  f o l l o w i n g  are r e q u i r e d  t o  support  
t h e  s u b t a s k  u s e r :  

Change   Subtask . -Al lows  t h e  u s e r  t o  s w i t c h  to  a new s u b t a s k  
f rom the c u r r e n t  s u b t a s k  w i t h o u t   e x i t i n g  I P A D  a n d   l o g g i n g   o n   a g a i n  
u n d e r   t h e  new p r o j e c t / t a s k / s u b t a s k .  

P a u s e . - A l l o w s  t h e  u s e r  to  h a l t   a n  IPAD procedure a t  t h e   n e x t  
j o b  s t ep .  T h i s   g i v e s   t h e  u s e r  t h e   a b i l i t y  t o  c h e c k  r e s u l t s  a t  any  
g i v e n   p o i n t  or e v e n  s t ep  a w a y   f r o m   t h e   t e r m i n a l   f o r   s h o r t  
i n t e r r u p t i o n s  ( 1 5  to  20 m i n u t e s )   a n d   b e g i n   a g a i n  a t  a l o g i c a l  
p o i n t .  

S u s p e n d . - A l l o w s   t h e   u s e r  t o  h a l t   a n  I P A D  p r o c e d u r e ,  
a c t i v i t y   a n d   c o r r e s p o n d i n g  d a t a  i n t o   s t o r a g e   f o r   p e r i o d s  

place t h e  
of 20 
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m i n u t e s  t o  24 h o u r s ,   a n d   t h e n  r e s u m e  t h e   a p p l i c a t i o n  a t  t h e  p o i n t  
o f   s u s p e n s i o n .  

R e s u m e . - A l l o w s  t h e  u s e r  to  r e t u r n  to  a t e r m i n a l   s e s s i o n  a t  
t h e   p o i n t   w h e r e   t h e   s u b t a s k  was i n t e r r u p t e d   b y  a p a u s e  or s u s p e n d  
command. 

Stop.-Allows t h e   u s e r  t o  h a l t  t h e   s e s s i o n ,   a n a l y z e  
i n t e r m e d i a t e   r e s u l t s ,   a n d   b a c k  u p  t o  a p r e v i o u s  job  s tep  when i t  
is  o b v i o u s   t h a t   t h e   a p p l i c a t i o n  is b e g i n n i n g  t o  break down. 

Q u i t . - A l l o w s  t h e   u s e r  t o  a b o r t   t h e   s e s s i o n .  T h i s  t e r m i n a t e s  
a n d   c l e a n s   o u t  a l l  work accomplished w i t h  n o   r e c o v e r y   o p t i o n s .  

Process I n t e g r a t i o n  

C a p a b i l i t i e s  are required f o r   i n t e g r a t i o n   o f  user  s y s t e m s  
i n t o   t h e  I P A D  framework.  These  c a p a b i l i t i e s  w i l l  s u p p o r t  
p l a n n i n g ,   d e v e l o p m e n t ,   d o c u m e n t a t i o n ,   a n d   m a i n t e n a n c e   o f  t h e  
processes u s e d   b y   e n g i n e e r i n g .  I t  is  i m p o r t a n t  t o  be  able  t o  
describe t h e  i n t e r f a c e s   b e t w e e n   v a r i o u s   e n g i n e e r i n g   d i s c i p l i n e s  
a n d   b e t w e e n   t h e   e n g i n e e r i n g   d e p a r t m e n t   a n d  other  o r g a n i z a t i o n s  
s u c h  as f i n a n c e ,   m a r k e t i n g ,   a n d   m a n u f a c t u r i n g .  T h i s  r e l a t i o n a l  
d e s c r i p t i o n  m u s t  b e   s u p p o r t e d   i n   s u f f i c i e n t  d e t a i l  t o  i d e n t i f y  t h e  
da t a  e x c h a n g e   r e q u i r e d   d u r i n g  t h e  d iscrete  phases o f  t h e  
d e v e l o p m e n t   c y c l e   o f  a p r o d u c t .  The d e s c r i p t i o n   m u s t  a l so  
i d e n t i f y  t h e  p r e f e r r e d   a n d   o p t i o n a l   c o m p u t e r  tools  a v a i l a b l e  t o  
p e r f o r m  each a c t i v i t y .  The d a t a   i n t e r f a c e   d e s c r i p t i o n   a n d  t h e  
i n p u t / o u t p u t   r e q u i r e d   f o r  t h e  compute r  tools f o r m   t h e  b a s i s  by 
w h i c h   t h e  r e q u i r e d   d a t a  bases c a n   b e   d e s i g n e d   a n d   d e v e l o p e d .  (See 
d a t a   d e f i n i t i o n   a n d   p r o g r a m   i n t e g r a t i o n  below.) 

Communicat ions 

Communicat ions a re  r e q u i r e d  fo r  t h e  o p e r a t i o n   o f   e n g i n e e r i n g  
c o m p u t i n g   f a c i l i t i e s  so  t h a t  da t a  a n d   p r o c e s s i n g   c a p a b i l i t i e s  a re  
(1) r e a d i l y   a v a i l a b l e   t h r o u g h o u t   t h e   g e o g r a p h i c   l o c a t i o n s  occupied 
b y   e n g i n e e r i n g   o r g a n i z a t i o n s ,  ( 2 )  r e s p o n s i v e  t o  user  n e e d s ,  ( 3 )  
cost e f f e c t i v e ,   a n d  ( 4 )  c o m p l i a n t  w i t h  s e c u r i t y   r e q u i r e m e n t s .  
Data ( o n l i n e   a n d   a r c h i v e d )   a n d   p r o c e s s i n g   c a p a b i l i t i e s  m u s t  be 
a d a p t i v e   a n d  allow m i g r a t i o n   o f   b o t h   h a r d w a r e   a n d   s o f t w a r e  as t h e  
c o m p u t i n g   t e c h n o l o g y   e v o l v e s  new c a p a b i l i t i e s .  
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E n g i n e e r i n g   S u p p o r t   F u n c t i o n s  

C a p a b i l i t i e s  are r e q u i r e d  t o  d i s p l a y   e n g i n e e r i n g   d a t a  
( i n c l u d i n g   g e o m e t r y )   a n d  t o  s u p p o r t   e n g i n e e r s   i n   t h e i r   c r e a t i v e  
d a y - t o - d a y   w o r k   a s s o c i a t e d   w i t h   t h e   e n g i n e e r i n g   d e s i g n  process. 
T h e   p r o d u c t   g e o m e t r y   d e s c r i p t i o n   p r o v i d e s  a common r e f e r e n c e   f o r  
a l l  e n g i n e e r i n g   d i s c i p l i n e s   i n v o l v e d   i n   t h e   d e s i g n  process. 
T h e r e f o r e ,  a k e y   f e a t u r e   o f  IPAD w i l l  b e   t h e   c a p a b i l i t y  t o  
d e s c r i b e   p h y s i c a l   o b j e c t s   i n   t h r e e - d i m e n s i o n a l   s p a c e   a n d  t o  
t r a n s m i t   t h e   d e s c r i p t i o n - o f   s u c h  objects b e t w e e n   t h e   v a r i o u s  
e n g i n e e r i n g   d i s c i p l i n e s  as well as b e t w e e n   e n g i n e e r i n g   a n d  
m a n u f a c t u r i n g  processes. To  a c c o m p l i s h   t h i s ,  IPAD m u s t   p r o v i d e  a 
s t a n d a r d   g e o m e t r y   f o r m a t   a n d  a set  o f   s t a n d a r d   u t i l i t y   p r o g r a m s  
which are s t a t e - o f - t h e - a r t   c a p a b i l i t i e s   i n   s u c h  areas as  g r a p h i c s ,  
d e s i g n   d r a f t i n g ,   a n d   f i n i t e - e l e m e n t   m o d e l i n g .   T h e s e   u t i l i t i e s  
w i l l  b e   s u p p o r t e d   b y   t h e  I P A D  s y s t e m   i n  a m a n n e r   t h a t   p r o v i d e s  a 
u n i f i e d  CAD/CAM c a p a b i l i t y   i n   w h i c h  a d e s i g n  may b e   c r e a t e d ,  
a n a l y z e d ,   a n d   r e l e a s e d  to  t h e   a p p l i c a b l e   m a n u f a c t u r i n g  process. 
T h e   s t a n d a r d  CAD/CAM u t i l i t y  w i l l  e n a b l e   t h e  u s e r  t o  c o n s t r u c t ,  
m o d i f y ,   d i s p l a y ,   a n d   m a n i p u l a t e   g e o m e t r i c   d e f i n i t i o n s .   T h e s e  
g e o m e t r y   d e f i n i t i o n s  m u s t  be i n  a f o r m   s u i t a b l e   f o r   m a n u f a c t u r i n g  
t o  d e v e l o p  t oo l  p a t h   d e f i n i t i o n s .   F i g u r e  2 i l l u s t r a t e s  some 
h a r d w a r e   c o m p o n e n t s   t h a t  are  t y p i c a l   o f   t h e   t y p e s  requi red  f o r  a 
c o m p u t e r - a i d e d   d e s i g n  work s t a t i o n .  I t  w i l l  be p o s s i b l e  t o  
d i s p l a y  menus  on t h e  g r a p h i c s   t e r m i n a l  o r  on  a s l a v e   t e x t  
t e r m i n a l ,  as i l l u s t r a t e d ,  and t o  implement menu select ion w i t h  
f u n c t i o n  b u t t o n s ,  l i g h t   p e n s ,  o r  da ta  t a b l e t  and menu o v e r l a y .  
The   sys tem w i l l  access g e o m e t r y   d e f i n i t i o n   f o r   b o t h  c u t  and 
s u r f a c e   e x t r a c t i o n s   n e e d e d   f o r  d e t a i l  p a r t s .   R e t r i e v a l  w i l l  be  
a c c o m p l i s h e d   r a p i d l y  i n  a n   i n t e r a c t i v e  mode u s i n g  a l a n g u a g e  
c o m f o r t a b l e  to  t h e  u se r ,  s u c h  a s  " D I S P L A Y  REAR VIEW AT BODY 
S T A T I O N  9 6 0 .  I' 

The i n t e g r a t i o n   s u p p o r t   d e s c r i b e d   i n  t h i s  s e c t i o n  m u s t  
p r o v i d e  a work ing   env i ronmen t  t h a t  s h i f t s  t h e  computing aspects  o f  
e n g i n e e r i n g   d e s i g n  from p r o g r a m m e r - o r i e n t e d   l a n g u a g e s  t o  
e n g i n e e r i n g - o r i e n t e d   l a n g u a g e s .   T h e   b u r d e n   o f   t r a c k i n g  da t a  and 
programs m u s t  a l so  b e   s h i f t e d   f r o m   t h e   e n g i n e e r  t o  t h e   c o m p u t i n g  
s u p p o r t   s y s t e m s .   T h e s e   f a c t o r s ,   t o g e t h e r   w i t h   r e a d y  access t o  
p r o g r a m s   a n d   u p - t o - d a t e   i n f o r m a t i o n ,  w i l l  i n c r e a s e   t h e  
p r o d u c t i v i t y   o f   e n g i n e e r s   a n d   i m p r o v e   t h e   q u a l i t y   o f   s o l u t i o n s .  
I n   a d d i t i o n ,   t h e   e n g i n e e r  w i l l  b e   a b l e  to  r e s p o n d  t o  r e q u i r e d  
c h a n g e s   r e s u l t i n g   f r o m   t h e   n o r m a l   i t e r a t i v e   n a t u r e   o f   d e s i g n  by 
u s i n g  d a t a  c h a n g e - c o n t r o l   f e a t u r e s .   T h e   f o l l o w i n g   s e c t i o n s  
p r e s e n t  a n  o v e r v i e w   o f   t h e   r e q u i r e m e n t s   f o r   m a n a g e m e n t   o f  
i n f o r m a t i o n   a n d   c o m p u t e r   p r o g r a m s   t h a t   f o r m   t h e   b a s i s   f o r  
d e v e l o p m e n t   o f   t h e   i n t e g r a t i o n   s u p p o r t   p r e s e n t e d   i n   t h i s   s e c t i o n .  
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INFORMATION MANAGEMENT 

C a p a b i l i t i e s  are r e q u i r e d  t o  a d m i n i s t e r   i n f o r m a t i o n  as a 
company-wide resource and t o  make i t  possible  t o  b l e n d   t h e  
e n g i n e e r i n g   a n d  project c o n t r o l  processes i n t o  a common working  
e n v i r o n m e n t .  An i n f o r m a t i o n   b a n k   m u s t   s u p p o r t   s c h e d u l e s ,  manpower 
a s s i g n m e n t s ,   r e s o u r c e   a s s i g n m e n t s ,   a n d  c r i t i c a l  p a t h   d e f i n i t i o n s  
as well  as p r o v i d e   t h e   r e p o s i t o r y  for  d e s i g n ,   a n a l y s i s ,   a n d  
g e o m e t r y   d a t a   a s s o c i a t e d   w i t h  a project.  I P A D  must  assist 
e n g i n e e r s   i n   i d e n t i f y i n g   a n d   r e t r i e v i n g   i n f o r m a t i o n .  The e n g i n e e r  
w i l l  h a v e   t h e   a b i l i t y  to  r e q u e s t   d a t a  by  name (e .g . ,  wing aspect 
r a t i o ,  e n g i n e   b y p a s s  r a t i o ,  c r u i s e  Mach number,  p a r t  number)  or  t o  
browse t h r o u g h   t h e   c o n t e n t s   o f   a n   i n f o r m a t i o n   b a n k   b y  spec i f ic  
d i s c i p l i n e s   s u c h  as  c o n f i g u r a t i o n   d e s i g n ,   w i n g   d e s i g n ,  loads,  
stress, h y d r a u l i c   s y s t e m s .   T h e   f o l l o w i n g   s u b s e c t i o n s   d e s c r i b e  
in fo rma t ion   managemen t  c a p a b i l i t i e s  t h a t  m u s t  be s u p p o r t e d .  

Data S t o r a g e   a n d   C o n t r o l  

Two m o d e s   o f   d a t a   s t o r a g e   a n d   r e t r i e v a l  are r e q u i r e d .   T h e  
f i r s t  is  e s s e n t i a l l y  a f i l e  management mode i n   w h i c h  I P A D  s tores  
a n d   r e t r i e v e s   b l o c k s  of d a t a  b u t  g e n e r a l l y   c a n n o t   m a n i p u l a t e   t h e  
c o n t e n t s   o f   t h e  d a t a  b lock .   The   second is the   e l emen t   managemen t  
mode, i n   w h i c h  I P A D  stores a n d   r e t r i e v e s   e l e m e n t s   a n d  suppor ts  
f u r t h e r   m a n i p u l a t i o n  of t h e   c o n t e n t s  of complex   e l emen t s ,   wh ich  
are a r r a y s   w i t h   i n d i v i d u a l l y  accessible items. (See data  
d e f i n i t i o n  below.) 

Data Set 

A l l  e n g i n e e r i n g   t e c h n i c a l   d a t a  w i l l  be c o l l e c t e d  by users i n  
u n i t s   o f  da t a  called da ta  s e t s  which w i l l  be i d e n t i f i e d   a n d   u s e d  
fo r  c h a n g e   c o n t r o l .  Two t y p e s  of d a t a  sets m u s t  b e   s u p p o r t e d   b y  
IPAD: d e f i n e d   a n d   u n d e f i n e d .   B o t h   t y p e s   r e q u i r e   t h e   m a i n t e n a n c e  
o f   s e c u r i t y ,   v e r s i o n   c o n t r o l ,  source i n f o r m a t i o n ,   q u a l i t y ,   a n d  
release s t a t u s  i n   h e a d e r - l i k e  records. The   heade r  for  e a c h   d a t a  
s e t  i n c l u d e s   t h e   u n i q u e   i d e n t i f i c a t i o n   o f   t h e   d a t a  s e t .  Such 
i d e n t i f i c a t i o n  may c o n s i s t   o f  a d e s c r i p t o r   ( e . g . ,   f i n i t e - e l e m e n t  
m o d e l   i n p u t ) ,   q u a l i f y i n g  name ( e . g . ,  727-200  wing   box) ,   and  
ve r s ion   number   ( e .g . ,   number  4 ) .  T h u s ,   t h e  complete d a t a  se t  
i d e n t i f i c a t i o n  w o u l d  be " f i n i t e   e l e m e n t   m o d e l   i n p u t ,  727-200  wing 
b o x ,   v e r s i o n  4 . "  An u n d e f i n e d   d a t a  se t  is known t o  I P A D  o n l y   b y  
i ts  h e a d e r  d a t a ,  i .e . ,  its c o n t e n t s  are n o t   d e f i n e d   a n d  i t  is  
t r e a t e d   b y  I P A D  as a f i l e .  A d e f i n e d  d a t a  set is  known t o  I P A D  
b o t h   b y  i t s  h e a d e r   a n d  i ts  da ta  d e f i n i t i o n .  
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Data D e f i n i t i o n  

A d i c t i o n a r y - t y p e   d a t a   d e f i n i t i o n   c a p a b i l i t y  is  r e q u i r e d  t o  
s u p p o r t   d e f i n i t i o n  of d a t a   e l e m e n t s   a n d   r e l a t i o n s h i p s   b e t w e e n  
e l e m e n t s   o f   d e f i n e d   d a t a  sets. T h e   d e f i n i t i o n   f o r   e a c h   d a t a  
e l e m e n t   m u s t   i d e n t i f y   t h e   n a m e ,   a n y   s y n o n y m s ,   u n i t s ,   a n d   a n  
o p t i o n a l   a b s t r a c t   d e s c r i b i n g   t h e   m e a n i n g  of t h e   d a t a   e l e m e n t .   T h e  
d a t a   d e f i n i t i o n   l a n g u a g e   s h o u l d   b e   e a s y  t o  u s e ,   a n d ,  as a minimum, 
t h e   f o l l o w i n g   d a t a  types m u s t   b e   s u p p o r t e d :  

T e x t  
Real sca la rs  
I n t e g e r  sca la rs  
L o g i c a l  sca la rs  
Dates 
A r r a y s   w i t h   i n d i v i d u a l l y   a c c e s s i b l e  items 
A r r a y s   a c c e s s i b l e   o n l y  as  complete u n i t s  
Geometric e n t i t i e s   ( p o i n t ,   l i n e ,   c u r v e ,   a n d   s u r f a c e s )  

I n f o r m a t i o n   B a n k  

An i n f o r m a t i o n   b a n k  is  r e q u i r e d  t o  co l l ec t  da ta  s e t s  i n t o  
s u p e r s e t s   i d e n t i f i e d  as  d a t a  areas .  The d a t a  areas a re  c o l l e c t e d  
i n   d a t a   b a s e s   c o m p r i s i n g   t h e   i n f o r m a t i o n   b a n k .  Two t y p e s  of d a t a  
a r e a s - - s u b t a s k   a n d   r e l e a s e - - m u s t   b e   s u p p o r t e d   b y  I P A D .  B o t h   t y p e s  
r e q u i r e   s e c u r i t y   a n d  access t o  t h e   c o n t e n t s   o f  t h e  d a t a  areas. 

A s u b t a s k   d a t a  area is l o g i c a l l y  a named p r i v a t e   w o r k i n g   d a t a  
base a s s o c i a t e d  w i t h  a n   i n d i v i d u a l .  I t  is related t o  a n  
e n g i n e e r i n g  t a sk  t h a t ,  i n   t u r n ,  is re la ted t o  a d e s i g n  pro jec t .  
T h e   c o n t e n t s   o f  a s u b t a s k   d a t a  area are  u s u a l l y   b u i l t   u p  by a u s e r  
o v e r   o n e  o r  more t e r m i n a l   s e s s i o n s   a n d  are  1 o g i c a l l y . c o n t i n u o u s  
f r o m   i n i t i a t i o n  t o  t e r m i n a t i o n .  I t  is e s s e n t i a l   t h a t  t h e  d a t a  
b a s e   m a n a g e m e n t   s y s t e m   s u p p o r t   t h e   a b i l i t y  t o  res tar t  a s e s s i o n  
p r e v i o u s l y   t e r m i n a t e d   u s i n g   t h e   s u b t a s k   c o n t r o l   f e a t u r e s   d e s c r i b e d  
a b o v e .   S u b t a s k   d a t a  a reas  are p a r t  of t h e  da t a  b a s e ;   h o w e v e r ,  
t h e y  a re  p r i v a t e   a n d   s u b j e c t  t o  project c o n t r o l   u n t i l   u s e r   a c t i o n  
i s  t a k e n  t o  t e r m i n a t e   t h e   s u b t a s k  or release t h e  da t a  g e n e r a t e d  
d u r i n g   t h e   s u b t a s k .  

A r e l e a s e d   d a t a  area is a g r o u p   o f   d a t a  sets t h a t  h a v e   b e e n  
released a n d  a re  u n d e r   v e r s i o n   c o n t r o l .  Each r e l e a s e d  d a t a  area 
is named  and may b e   d i v i d e d   i n t o   s u b o r d i n a t e  da ta  areas h a v i n g  a 
h i e r a r c h i c a l   s t r u c t u r e  t h a t  may r e s e m b l e   t h e   s t r u c t u r e  of t h e  
e n g i n e e r i n g   o r g a n i z a t i o n  t h a t  owns t h e  r e l e a s e d  da ta .  The 
s t r u c t u r e  is e q u i v a l e n t  t o  a table  o f   c o n t e n t s   a n d   c a n   b e   u s e d   i n  
a b rows ing  mode t o  access d a t a   w i t h i n   t h e   i n f o r m a t i o n   b a n k .  T h i s  
o r g a n i z a t i o n   c o n c e p t  is i l l u s t r a t e d  by f i g u r e  3 .  
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H e a d e r  Data 

H e a d e r   d a t a  is r e q u i r e d  to  i d e n t i f y   t h e   s o u r c e   a n d   s t a t u s  of 
d a t a  sets a n d   s u p p o r t   c h a n g e   c o n t r o l   b y   i d e n t i f y i n g   v e r s i o n s  of 
d a t a  sets. Heade r  da ta  c o n t a i n s  items s u c h  as da ta  set  name, 
v e r s i o n ,   o w n e r  I D ,  c r e a t i o n   d a t e   a n d  time, s e c u r i t y ,   r e t e n t i o n  
i n f o r m a t i o n ,   a n d   p r o c e s s i n g   h i s t o r i e s .   T h e s e  items allow t h e   u s e r  
t o  e x a m i n e   t h e   c o n t e n t s   o f   t h e   d a t a  base w i t h o u t   l i s t i n g   t h e  da ta  
set  i t s e l f .  T h e   c o n t e n t s   o f   h e a d e r  data  are  d e f i n e d  t o  I P A D .  

Data Release Mechanism 

A da ta  release mechanism is r e q u i r e d  t o  l o g i c a l l y   t r a n s f e r  
da t a  sets from a s u b t a s k  d a t a  area t o  a released d a t a  area.  The 
m e c h a n i s m   l o g i c a l l y  resembles t h e  release p r o c e d u r e s   u s e d   b y  
e n g i n e e r i n g  t o  release d r a w i n g s ,   d o c u m e n t s ,  m e m o s ,  and  
c o o r d i n a t i o n   s h e e t s   b e t w e e n   o r g a n i z a t i o n s   a n d   d e p a r t m e n t s   w i t h i n  
t h e   c o m p a n y .   T h e   w o r k i n g   s e c u r i t y   i m p o s e d   b y   t h e  release 
mechanism  on released a n d   s u b t a s k   d a t a  s e t s  is i l l u s t r a t e d  by 
f i g u r e  4 .  The da ta  release m e c h a n i s m   r e q u i r e s  two pa r t s .  The 
f i r s t  p a r t  is t h e  d a t a  release process i t s e l f .   T h i s  process 
i n v o l v e s   t h e  ac t  o f   " s i g n i n g   o f f "   t h e   c o n t e n t s   o f  a d a t a  se t  and 
may r e q u i r e   s e v e r a l   l e v e l s   o f   s i g n a t u r e .   T h e   s e c o n d  p a r t  of t h e  
d a t a  release mechanism is t h e   p r o c e s s i n g   a c t i o n s  t o  b e   p e r f o r m e d  
o n  a da t a  set  o n c e  i t  is r e l e a s e d   a n d   i n c l u d e s   c h a n g i n g  i t s  
r e s i d e n t  da t a  a rea ' s  i d e n t i f i c a t i o n   a n d   t h e   s e c u r i t y   l o c k s   o n   t h e  
da t a  set .  

S e c u r i t y  

S e c u r i t y   m u s t   b e   p r o v i d e d   b y   u s e r   p r o f i l e s   t h a t   s e l e c t i v e l y  
restrict access to  l o g i c a l   p o r t i o n s   o f   t h e   i n f o r m a t i o n   b a n k  model 
a n d   b y   s e c u r i t y   l o c k s  a t  t h e  d a t a  a rea  and  da t a  s e t  l e v e l .   I n  
a d d i t i o n ,   p e r m i s s i o n  codes associated w i t h   u s e r s   m u s t   s u p p o r t  
s e l e c t i v e   r e s t r i c t i o n   o f  I P A D  commands. 

Backup  and   Recovery  

I n t e g r i t y   m u s t  be p r o v i d e d   b y   b a c k u p   a n d   r e c o v e r y  
c a p a b i l i t i e s  of data  bases a n d   b y   l o g g i n g   o f   t r a n s a c t i o n s  
s u f f i c i e n t  t o  res tore  t h e  d a t a  base i n   t h e   e v e n t   o f   h a r d w a r e   a n d  
s o f t w a r e   f a i l u r e .  

Data M a n i p u l a t i o n  

The da t a  m a n i p u l a t i o n   l a n g u a g e   s h o u l d  be easy f o r  e n g i n e e r s  
t o  u n d e r s t a n d   a n d   u s e .   T h e   f o l l o w i n g   f o u r   l e v e l s   o f   d a t a  
m a n i p u l a t i o n  are r e q u i r e d :  



L e v e l  1: I n f o r m a t i o n   B a n k   O p e r a t i o n s  

C a t a l o g   i n f o r m a t i o n   b a n k  
Combine d a t a  areas i n t o  logical  s t r u c t u r e s  
M o d i f y   d a t a  area c o m b i n a t i o n s  

L e v e l  2 :  Data Area O p e r a t i o n s  

F i n d   d a t a  area 
C a t a l o g   d a t a  area 
A r c h i v e  d*a area 
P u r g e   d a t a  area 
D i s t r i b u t e   d a t a  area 

L e v e l  3 :  Data S e t   O p e r a t i o n s  

F i n d  data  s e t  
D i s p l a y   d a t a  s e t  
E n t e r / m o d i f y  da t a  se t  
Se t  d e f a u l t   v a l u e s  
A u d i t  d a t a  s e t  
Copy da t a  s e t  
S h a r e   d a t a  s e t  
A r c h i v e  d a t a  set  
Associate d a t a  sets 
P u r g e   d a t a  se t  

L e v e l  4 :  Data E l e m e n t   O p e r a t i o n s   ( d e f i n e d   d a t a  s e t  o n l y )  

F i n d   d a t a   e l e m e n t  
D i s p l a y  da ta  e l e m e n t  
E n t e r / m o d i f y   d a t a   e l e m e n t  
Copy d a t a   e l e m e n t  

T h e   i n f o r m a t i o n   m a n a g e m e n t   c a p a b i l i t i e s   d e s c r i b e d   i n   t h i s  
s e c t i o n   m u s t   p r o v i d e   t h e  basis  f o r   i n t e g r a t i o n   o f   e n g i n e e r i n g  
processes i n t o  a common w o r k i n g   e n v i r o n m e n t   t h a t   p r o v i d e s  access 
t o  a c o m p a n y - w i d e   s i n g l e - s o u r c e   i n f o r m a t i o n   b a n k .   T h e   e n v i r o n m e n t  
m u s t   s u p p o r t   t h e   m u l t i p l e   v i e w s   o f   d a t a   r e q u i r e d   b y  people and  
computer   p rograms.  I t  w i l l  b e   p o s s i b l e   f o r   d a t a   a d m i n i s t r a t o r s  t o  
m a i n t a i n   e f f i c i e n t   d a t a   s t o r a g e   s t r u c t u r e s   w i t h o u t   t h e   n e e d  t o  
r e v i s e   t h e   p r o c e d u r e s   a n d   c o m p u t e r   p r o g r a m s   u s e d   b y   e n g i n e e r s .  

COMPUTER PROGRAM MANAGEMENT 

C a p a b i l i t i e s  are r e q u i r e d  t o  manage t h e   s o f t w a r e  tools used  
b y   e n g i n e e r i n g .   P r o g r a m   m a n a g e m e n t   m u s t  be similar to  t h e  
i n f o r m a t i o n   m a n a g e m e n t   d e s c r i b e d   i n   t h e   p r e v i o u s   s e c t i o n .  I P A D  
m u s t   p r o v i d e   t h e   e n g i n e e r i n g   u s e r   w i t h  access to  a company-wide 
a p p l i c a t i o n   p r o g r a m   l i b r a r y .   T h e s e   a p p l i c a t i o n   p r o g r a m s  w i l l  be  
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r e a d i l y   a v a i l a b l e  fo r  e x e c u t i o n  as  j o b s   t h a t  are t h e  tools  
d e v e l o p e d   b y   e a c h   c o m p a n y ,   w h i c h   h a v e   b e e n   i n s t a l l e d   i n   t h e  I P A D  
program l i b r a r y .   T h e   e n g i n e e r  w i l l  h a v e   t h e  a b i l i t y  t o  r e q u e s t  
j ob  e x e c u t i o n  by name o r  t o  b r o w s e   t h r o u g h   t h e   l i b r a r y   b y   s p e c i f i c  
d i s c i p l i n e   a n d   b y   k e y   w o r d s .   T h e   f o l l o w i n g   s u b s e c t i o n s   d e s c r i b e  
software management capabi l i t i es  t h a t   m u s t   b e   s u p p o r t e d .  

Program D e v e l o p m e n t   a n d   I n s t a l l a t i o n  

P r o g r a m s   d e v e l o p e d   w i t h i n  I P A D  or s u i t a b l e   e x i s t i n g   p r o g r a m s  
may be i n s t a l l e d   i n   t h e  I P A D  p rogram l i b r a r y .  A p p l i c a t i o n  
p r o g r a m s   c o n f o r m i n g  t o  t h e  I P A D  i n s t a l l a t i o n   s t a n d a r d  a re  
i n s t a l l e d  as  o n e  o r  more o p e r a t i o n a l   m o d u l e s .  A p r o c e d u r e  is used  
t o  e x e c u t e  a selected se t  o f   o p e r a t i o n a l   m o d u l e s  a s  a job. Naming 
c o n v e n t i o n s   m u s t   r e s u l t   i n   u n i q u e   n a m e s   f o r  a l l  modules   and  
p r o c e d u r e s   i n   t h e   p r o g r a m   l i b r a r y   a n d   m u s t  be s u i t a b l e   f o r   u s e  as  
primary k e y s   f o r   p r o g r a m   m a n a g e m e n t .   T h e   c o n s t r u c t i o n   o f  jobs 
from m o d u l e s   a n d   t h e   t y p e   o f   a d m i n i s t r a t i v e   i n f o r m a t i o n   t h a t   m u s t  
b e   s u p p o r t e d  by I P A D  are i l l u s t r a t e d   b y   f i g u r e  5. The   modular  
p r o g r a m   l i b r a r y   m u s t  make b o t h   s o u r c e   a n d   o b j e c t   m o d u l e s   a v a i 1 , a b l e  
t o  a wide r a n g e   o f   u s e r s   a n d   r e d u c e   t h e   n e e d   f o r   d u p l i c a t i o n .  Any 
s e t  o f   s o u r c e   c o d e   i n  common u s e   s h o u l d   b e   e n t e r e d   o n l y   o n c e  a s  a 
s o u r c e   l a n g u a g e   m o d u l e   a n d   s h o u l d   b e   m a d e   a v a i l a b l e  as a n   o b j e c t  
module t o  t h e   u s e r   c o m m u n i t y .   T h e  I P A D  p rogram  l i b ra ry  must  
p r o v i d e   m a n a g e m e n t   o f   t h e   f o l l o w i n g   m o d u l e  types a n d   e x e c u t i o n  
p r o c e d u r e s :  

1. 

2. 

3 .  

t o  

A s o u r c e   l a n g u a g e   m o d u l e  (SLM) w i l l  c o n s i s t   o f  a c o l l e c t i o n  
of s y m b o l i c   s o u r c e   c o d e s   m e e t i n g   t h e  I P A D  p r o g r a m   l i b r a r y  
s t a n d a r d   f o r  S L M ' s .  Each SLM may c o n t r i b u t e  t o  o n e  or more 
o p e r a t i o n a l   m o d u l e s .  An SLM and its c o r r e s p o n d i n g   o b j e c t  
m o d u l e   m u s t   h a v e   t h e  same name.   These   modules   mus t  be 
s u b j e c t  t o  v e r s i o n   c o n t r o l .  

An o p e r a t i o n a l   m o d u l e  (OM) w i l l  c o n s i s t   o f   a n   e x e c u t a b l e  
c o l l e c t i o n   o f   o b j e c t   m o d u l e s   c o n t r i b u t i n g  t o  o n e  o r  more u s e r  
j o b s   t h a t  may b e   e x e c u t e d   u n d e r  I P A D  procedwe c o n t r o l .   E a c h  
OM w i l l  be named  and s u b j e c t  t o  v e r s i o n   c o n t r o l .  

An I P A D  p r o c e d u r e  w i l l  p r o v i d e   t h e   c a p a b i l i t y   r e q u i r e d  t o  
c o n t r o l   e x e c u t i o n   o f   o n e  or more OM'S as a job. A p r o c e d u r e  
w i l l  be named  and s u b j e c t  t o  v e r s i o n   c o n t r o l ;  i t  w i l l  be 
p o s s i b l e  t o  n e s t   p r o c e d u r e s .  

P r o g r a m   I n t e g r a t i o n  

P r o g r a m   i n t e g r a t i o n   i n t o  I P A D  w i l l  s u p p o r t   l i n k i n g  programs 
t h e  da t a  w i t h i n   t h e   i n f o r m a t i o n  bank  and t o  o t h e r   p r o g r a m s  as  

d e t e r m i n e d   b y  program u s e   w i t h i n  t h e   d e s i g n  process a n d   t h e  
c o r r e s p o n d i n g  d e f i n i t i o n   o f  da t a  f l o w .   T h i s   d e f i n i t i o n  w i l l  
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i d e n t i f y  source a n d   d e s t i n a t i o n  of a l l  i n p u t / o u t p u t   a n d   p r o v i d e  
for  job - to - job   communica t ion .  Any r e q u i r e d   d a t a   r e f o r m a t t i n g  or 
t r a n s l a t i o n   i d e n t i f i e d   b y   t h i s   d a t a   f l o w   d e f i n i t i o n  w i l l  be  
s u p p o r t e d .   T h e   s o u r c e   a n d   d e s t i n a t i o n   d e f i n i t i o n  w i l l  be s u i t a b l e  
f o r   m a p p i n g   s t o r a g e   a n d   r e t r i e v a l   d a t a   f l o w   b e t w e e n   t h e  process 
a n d   t h e   i n f o r m a t i o n   b a n k   a n d   b e t w e e n   r e l a t e d   a c t i v i t i e s   d e f i n e d   i n  
t h e  process. B o t h   t y p e s   o f   d a t a  sets w i l l  be  accessible by 
programs, as i n   t h e  case o f  (1) u n d e f i n e d   d a t a  sets where  I P A D  
m a n a g e s   d a t a  a t  t h e   l e v e l  of sets a n d   d o e s   n o t  know t h e   c o n t e n t s  
o f   t h e  s e t  and ( 2 )  d e f i n e d   d a t a  sets w h e r e   d a t a   e l e m e n t s   w i t h i n  a 
se t  a n d   r e l a t i o n s h i p s   b e t w e e n   e l e m e n t s  are  d e f i n e d   a n d  IPAD 
m a n a g e s   d a t a  a t  t h e   l e v e l .  of e l e m e n t s .   P r o g r a m s   u s i n g   d e f i n e d  
d a t a  sets w i l l  work o n   l o g i c a l   v i e w s   o f   t h e   d a t a   a n d  be i n d e p e n e n t  
o f  t h e  p h y s i c a l   s t r u c t u r e   o f  t h e  d a t a .  

Programming  Aids 

These are r e q u i r e d  to  suppor t  c r e a t i o n ,   m a i n t e n a n c e ,   a n d  
i n t e g r a t i o n   o f   a p p l i c a t i o n   p r o g r a m s   a n d   i n c l u d e   o n - l i n e  u t i l i t i e s  
f o r   p r o g r a m   t e x t   e d i t i n g ,   d e b u g g i n g ,   a n d   u p d a t e .  

CONCLUDING REMARKS 

T h e   c o m p u t e r   p r o g r a m   m a n a g e m e n t   c a p a b i l i t i e s   d e s c r i b e d   i n   t h e  
p r e c e d i n g   s e c t i o n  w i l l  make comput ing  tools  r e a d i l y   a v a i l a b l e   f o r  
e x e c u t i o n   b y   e n g i n e e r s .  These  too ls  w i l l  b e   a c c e s s i b l e  from a 
company-wide computer p r o g r a m   l i b r a r y   t h a t  suppor ts  d e v e l o p m e n t   o f  
i n t e g r a t e d   e n g i n e e r i n g  processes. 

The i n t e g r a t e d   c o m p u t i n g   e n v i r o n m e n t   r e p r e s e n t e d   b y   t h e  
r e q u i r e m e n t s   d e s c r i b e d   i n  t h i s  paper w i l l  p r o v i d e  t h e  framework t o  
g r e a t l y   i n c r e a s i n g   t h e   p r o d u c t i v i t y   o f   e n g i n e e r s .  An e n g i n e e r  
w i l l  m i n i m i z e   r o u t i n e  e f f o r t s  o f   t r a c k i n g   d a t a   a n d  programs and 
w i l l  i n c r e a s e  time a v a i l a b l e   f o r   c r e a t i v e   a c t i v i t i e s   a n d  
j u d g m e n t a l   d e c i s i o n   m a k i n g .   U s i n g  a s ing le - source   company-wide  
i n f o r m a t i o n   b a n k  w i l l  e n h a n c e  a c o m p a n y ' s   a b i l i t y  t o  t r a n s f e r   d a t a  
w i t h i n   a n   e n g i n e e r i n g   d i s c i p l i n e ,   b e t w e e n   e n g i n e e r i n g   d i s c i p l i n e s  
a n d   b e t w e e n   e n g i n e e r i n g   a n d   o t h e r   d e p a r t m e n t s   o f   t h e   c o m p a n y .  
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Figure 2.- Typical  equipment - CAD work s t a t i o n .  
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PRELIMINARY D E S I G N  OF A FUTURE  INTEGRATED  DESIGN  SYSTEM* 

Ralph  M. D i g g i n s  
Boeing   Computer   Serv ices  Company 

SUMMARY 

IPAD is  a s y s t e m   o f   c o m p u t e r   p r o g r a m s   a n d   d a t a   s u p p o r t i n g   t h e  
a e r o s p a c e - v e h i c l e   d e s i g n  process b y   p r o v i d i n g  a set  of services to 
a i d   i n   t h e   m a n a g e m e n t   o f  a d e s i g n  pro jec t ,  project  t e c h n i c a l   w o r k ,  
a n d   p r o j e c t   s u p p o r t   w o r k .  I ts  p u r p o s e  is  t o  i n t e g r a t e   p e o p l e ,  
p r o g r a m s ,   a n d   d a t a   i n t o  a u n i f i e d   a e r o s p a c e - v e h i c l e   d e s i g n   s y s t e m .  
A l l  p r o j e c t - m a n a g e m e n t   a n d   t e c h n i c a l   d a t a ,   t o g e t h e r   w i t h   c e r t a i n  
s t a n d a r d   d a t a ,  are s t o r e d   i n  a d a t a   b a s e .   T h e  I P A D  f u n . c t i o n s  
a l low project  p e r s o n n e l  t o  q u e r y   t h e   d a t a   b a s e   a n d  t o  perform 
o p e r a t i o n s   o n   t h e   d a t a .   T h i s   p e r m i t s   t h e   o r d e r l y   s e q u e n c i n g   o f  
t h e   t a s k   e l e m e n t s   o f  a c o m p l e x   o p e r a t i o n   a n d   p r o v i d e s  common 
access t o  a s i n g l e   d a t a   b a s e   b y   v a r i o u s   p a r t i c i p a t i n g   g r o u p s  who 
o t h e r w i s e  would  require  many separate f i l e s .  These  c a p a b i l i t i e s  
w i l l  be p r o v i d e d  o n  a s i n g l e  h o s t  computer or across m u l t i p l e  
h e t e r o g e n e o u s   c o m p u t e r s   o n  a d i s t r i b u t e d   p r o g r e s s   b a s i s .  

INTRODUCTION 

T h i s   p a p e r  is i n t e n d e d  t o  p r o v i d e   a n   o v e r v i e w  of t h e  
p r e l i m i n a r y   d e s i g n  of f u l l  IPAD--a f u t u r e   i n t e g r a t e d   d e s i g n  
sys t em.  I t  p r e s e n t s   t h e   l e v e l  I1 d e s i g n ,   t n e   c o m p o n e n t   f u n c t i o n a l  
c a p a b i l i t y ,   a n d  a s u b s e t   o f   f u l l  I P A D ,  i n c l u d i n g  i t s  ha rdware   and  
s o f t w a r e  a r c h i t e c t u r e .  

I P A D  is be ing   deve loped   by   The   Boeing  Company u n d e r   c o n t r a c t  
to NASA L a n g l e y   R e s e a r c h   C e n t e r .   T h e   f i v e - y e a r   c o n t r a c t  was 
awarded  in  December  1975,  and  work commenced i n   A p r i l   1 9 7 6 .  

The I P A D  p r e l i m i n a r y   d e s i g n  is a d i r e c t   r e s p o n s e  t o  t h e  
r e q u i r e m e n t   s p e c i f i c a t i o n s   t h a t  were developed   by   The   Boeing  
Company w i t h   t h e  advice a n d   c o n c u r r e n c e   o f  ITAB and  NASA. The 
p r e l i m i n a r y   d e s i g n ,  as i t  e x i s t s   t o d a y ,   p o r t r a y s   a n   e v o l u t i o n a r y  
s t a t e - o f - t h e - a r t   s y s t e m   s t r u c t u r e d  t o  s u p p o r t   t h e   e n g i n e e r i n g  
d e s i g n  process i n  a l l  its c o m p l e x i t y   a n d   s o p h i s t i c a t i o n  as shown 
i n   f i g u r e  1. 

* Summary o f   d e s i g n   r e s p o n s e  t o  t h e   l e v e l  I1 I P A D  r e q u i r e m e n t s  s e t  
f o r t h   b y  NASA c o n t r a c t  NAS1-14700. 
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IPAD is  t h e  key component of a computer-based  engineering 
complex (CBkC) . It cont ro ls   and  provides a l l  of t h e   e s s e n t i a l  
services of the  coaplex  and,  when combined w i t h  a company~s 
appl icat ion  programs and appropriate  computers,  forms an advanced 
system t o  suppor t   engineer ing   des ign   ( re f .  1) . 

A company may conf igure  a B E C  us ing  many canbina t ions  of 
components. A CBEC may c o n s i s t  of one o r  more processing  elements 
(PES] . Ir more than one PB is used, a local network is required.  
T h e  PES may be any computing  system  containing IPAD toge the r   w i th  
t n e  r equ i r ed  local networK interface  hardware and software 
components. ‘I’he PES need no t   ope ra t e   w i th  the same IPAD sof tware  
conf igura t ion   (except  for a minimum IPAD)  , a f e a t u r e  tha t  permits  
ded ica t ion  of c e r t a i n  PES t o  s p e c i f i c   t a s k s   s u c h  as d a t a  
mmagernent, g raph ic s   func t ions ,  user i n t e r f a c e   f u n c t i o n s ,  
appl icat ion  prograns,   sof twxe  development ,  etc. 

Two or more C B K s  m y  be connected Over d is tances   ranging  
from a f e w  f e e t  t o  hunareds  of miles ana w i l l  communicate  using an 
1PAD protocol .  Communication between CBECs w i l l  ~e handled a t  low 
t o  medium d&t.a t r a n s f e r  rates by t h e   h o s t  computing  system 
t e l e p r o c e s s i n g   f a c i l i t i e s .  

A LXLC has access t o  a d a t a  base under   the  management of an 
X P A D  d a t a  Inanagemerlt system. Access to  t h i s   d a t a  base i s  only 
2ossible through this d a t a  management system; however, local d a t a  
bases not  under 12AD data management c o n t r o l   c a n  be used by t h e  
PES. 

I P k D  is being  developed as a distributed computing  system 
capable  of opera t ing  i n  many con&igura t ions ,   inc luding   s ing le-  
processor   conf igura t ions .  The IF” f u n c t i o n a l  components may be 
placed on t h e  PES w i t h i n   t h e  CBEC t o  best s u i t  the  needs of the 
complex. The local network   proviaes   the   da ta   t ransmiss ion  medium, 
w h e n  required,  between IPAD func t ions  . 

I P A 2  ope ra t e s   unde r   t he   con t ro l  of a host computer  operating 
system a s  a batch system, an i n t e r a c t i v e  sys t em,  o r  both. The 
primary mode of ope ra t ion  will be in t e rac t ive ,   p rov ided  the host 
systeul suppor t s   i n t e rac t ive   p rocess ing  (ref. 2) . 

Input  and output  devices w i l l  be a t t ached  t o  a host  computing 
sys t em.  Actua l   device   input  and ou tpu t  are accomplished by t h e  
nos t ,  while  P A D  performs  input   and   ou tput   wi th   v i r tua l   devices .  
IPAD resolves   any  inconsis tencies   between  host   device-dependent  
ixput /output  dxLu IPAD aevice-inaependent  input/output.  

Other programs may ope ra t e  on t h e  same PE with IPAD, These 
programs a d  I P A D  may be completely  independent, or t h e y  may 
coIrununicate i n d i r e c t l y  wlth each   o ther ,   a l lowing   appl ica t ions  
programs  no t   in tegra ted   in to  IPAU to u s e   c e r t a i n  IPm facil i t ies.  
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LEVEL I1 I P A D  SYSTEM  DESIGN 

A t  level I1 t h e  system design is  presented i n d e p e n d e n t  of 
a n y   p a r t i c u l a r   h o s t .   c o m p u t i n g  system. Later  t h i s  paper w i l l  
describe modeling t h e  design t o  mul t ip l e  hos t  computing systems 
(ref.  3 ) .  

System  Components  

I P A D  i s  composed of s i x  sets of major components   (shown i n  
f i g u r e  2) , which  are: (1) The IPAD executive ( IPEX)  , ( 2 )  a set of 
system f u n c t i o n s ,  ( 3 )  t h e   u s e r   i n t e r f a c e ,  ( 4 )  t h e  IPAD d a t a  
management   system ( I P I P ) ,  ( 5 )  a set  o f   u s e r   f u n c t i o n s ,   a n d  ( 6 )  a 
s e t  o f   a p p l i c a t i o n   p r o g r a m s   i n s t a l l e d   b y   e a c h   c o m p a n y .  

G e n e r a l   D e s c r i p t i o n s  

I P A D  E x e c u t i v e  ( I P E X ) . -  The I P A D  e x e c u t i v e   p r o v i d e s  a s t a n d a r d  s e t  
o f   s e r v i c e s  t o  t h e   o t h e r  major c o m p o n e n t s ,   c o m p l e t e l y   i s o l a t i n g  
t h e m  f r o m   t h e   h o s t   c o m p u t i n g   s y s t e m   a n d   p r o v i d i n g   i n t e r n a l  
f u n c t i o n s   a n d   d a t a   n e e d e d   f o r  t h e  d i s t r i b u t i o n   o f  IPAD f u n c t i o n s ,  
d a t a ,   a n d   a p p l i c a t i o n  programs. 

T h e   s t a n d a r d   s e r v i c e s   p r o v i d e d   b y  I P E X  are process c o n t r o l ,  
i n p u t ,   o u t p u t ,   f i l e   o p e r a t i o n s ,   i n t e r p r o c e s s   c o m m u n i c a t i o n ,   a n d  
access t o  c e r t a i n   h o s t  resources a n d   s e r v i c e s .   T h e s e  services are  
p r o v i d e d   b y  I P E X  t h r o u g h   s t a n d a r d   c a l l i n g   s e q u e n c e  t o  t h e  
s u b p r o g r a m s   i n  a s e r v i c e   l i b r a r y .   T h i s   i n t e r f a c e  is t h e  same on  
e a c h  h o s t  c o m p u t e r ,   t h u s   e n s u r i n g  a h i g h   d e g r e e   o f   p o r t a b i l i t y   o f  
t h e  major components  ( ref  4 ) .  

I P E X  isolates  t h e  o the r  major t a s k s   f r o m   t h e   h o s t   c o m p u t i n g  
s y s t e m   a n d   p r o v i d e s   s t a n d a r d   i n t e r f a c e s  t o  a l l  o f  i ts  services. 
I t  m a k e s   t h e   t r a n s f o r m a t i o n   b e t w e e n  I P A D  p s e u d o - i n p u t   a n d   - o u t p u t  
d e v i c e s   a n d   t h e   s o f t w a r e   d r i v e r s   f o r  r ea l  i n p u t   a n d   o u t p u t  
d e v i c e s .  I t  m a i n t a i n s   i n f o r m a t i o n   o n   t h e   a c t u a l   l o c a t i o n  of a l l  
I P A D - c o n t r o l l e d   d a t a .  

I P E X  a lso p r o v i d e s   t h e   i n t e r n a l   f u n c t i o n s   a n d   i n f o r m a t i o n  
n e e d e d   f o r   t h e   d i s t r i b u t i o n  of f u n c t i o n s   a n d  da t a .  The   comput ing  
s y s t e m s   s e l e c t e d  t o  h o s t  I P A D  d o   n o t   s u p p o r t   d i s t r i b u t e d  
c o m p u t i n g ;   t h e r e f o r e ,   t h i s   c a p a b i l i t y   h a s   b e e n   i n c o r p o r a t e d   i n t o  
I P E X .  The major I P A D  componen t s ,  t h e  u s e r s ,   a n d   t h e   h o s t   c o m p u t e r  
o p e r a t i n g  system are n o t  aware o f   t h e   c o n f i g u r a t i o n   o f   t h e  I P A D  
d i s t r i b u t e d   c o m p u t i n g  system; o n l y  I P E X  n e e d s   t h i s   i n f o r m a t i o n .  

I P E X  is implemented  on e v e r y  P E  ( h o s t   c o m p u t e r )   i n  a CBEC. 
T h e   c o n t r o l  o f   t h e   c o m p l e x  is r e p l i c a t e d   i n   e a c h  copy o f  IPEX.  
T i m e l y   d a t a  is m a i n t a i n e d   o n   t h e   c o n f i g u r a t i o n  of t h e  c o m p l e x ,   t h e  
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s t a t u s  of. t h a t  configurat ion,  and the loca t ion  and s t a t u s  of IPAD- 
control led f i les ,  This da ta  is maintained and used by IPEX t o  
cont ro l  t he  d i s t r ibu ted  computing  system ( r e f .  5 ) .  

System  Functions,- The system funct ions  provide  internal   services  
t o  IPAD functions  such as t he   co l l ec t ion  of performance  data, 
put t ing  such  data   in  f i les  f o r  la ter  processing,   col lect ing  user  
data, etc . 
User 1nterkace.- The user   interface  handles  a l l  of the  dialogue 
between the system  and the u s e r  except when the   user  is 
in t e rac t ing  with a user   funct ion of an  appl icat ion program, It is 
the first component t o  interact w i t h  the u e r  when the user   en te rs  
IPAD and t h e  l a s t  before  t he  user  leaves IPAD. It prompts t h e  
user ,  reads and i n t e r p r e t s  commands, executes  executive-level 
commands, a ids  the user,   maintains a p r o f i l e  ot the user ,   cont ro ls  
access t o  IPAD, provides  usage statistics, handles certain 
abnormal s i t ua t ions ,  and  terminates the user upon request ,  

The user   in te r face  may be i n s t a l l e d  on  one or more PES i n  the  
computer-based  engineering complex. It provides the user a view 
of I P A D  t h a t  i s  the same on every PE. 

D a t a  Nanagement System.- The IPAD information  processor (DIP) is 
d iv ided   in to  t w o  sets of functions: (1) t h e  data de f in i t i on ,   da t a  
mdnipulation,  query,  and  precompiler functions;  and (2) the  data 
management system. The first set is implemented as user  
funct ions.  ?he data  management system is implemented as  a 
separate  major component. Together, these t w o  sets of €unctions 
provide  controlled access t o  IPAD data to users ,  to IPAD components, 
and to  application programs. The data  management  system  operates on 
l o g i c a l   f i l e s  and l o g i c a l  data d i s t r ibu t ion .  It  requests  
operat ions on files f rom IPEX, and only IPEX knows the a c t u a l  
locat ion of I P A D  data .  

U s e r  Functions.- The IPAD user  functions  provide  support  t o  the  
design  process . These include  funct ions for p ro jec t  management, 
design,   t ra ining,  data def in i t ion ,  data manipulation,  query, 
precompilation,  application program  development,  and document 
preparation. Each funct ion  contains  i t s  own user in te r face .  
Functions are selected by users  while i n  t h e  executive command 
mode. A func t ion   r e tu rns   con t ro l   t o   t he   u se r   i n t e r f ace  upon 
request  f r o m  t h e  user ,   In   cer ta in  abnormal cases, the system 
takes cont ro l  from a user function. User funct ions may be 
i n s t a l l e d  on any of the Pas i n  a CBEC, and a s p e c i f i c   u s e r  
funct ion may be implemented on several PES. 
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Application Programsi- A company may extend the set of standard 
IPAD user   funct ions by i n s t a l l i n g  its own appl icat ion programs. 
An appl icat ion program must contain its awn user  interface and is 
selected by a user w h i l e  i n  the executive command mode, An 
appl ica t ion  program re turns   cont ro l  t o  the user  interface upon 
request  from the   user .  In  ce r t a in  abnormal cases, the  system 
takes control from an appl icat ion program. An appl icat ion proyram 
may be i n s t a l l e d  on any PE w i t h  which it is compatible and may be 
i n s t a l l e d  on seve ra l  PES, 

Access Relat ionships  Between Users, IPAD Tasks, D a t a ,  and H o s t  
Operating  System ( O S )  -- The user   interface,   user   funct ions,  and 
appl icat ion progranls are d i r e c t l y   a v a i l a b l e  t o  users  through  user 
languages. The system  functions, IPAD executive,  da ta  management 
sys t em,  host operating  system, and IPAD data are n o t   d i r e c t l y  
accessible  t o  users ,  These re la t ionships  are i l l u s t r a t e d   i n  
f i g u r e  3 .  (The access re la t ionships  shown i n  f igure  3 a r e   n o t  t o  
be confused w i t h  actual   system  interfaces  described la ter  i n  t h i s  
paper 1 

COMPONENT F U N C T I O N A L  CAPABILITY 

Th i s  section contains the funct ional   design capabilities for 
each of t h e  major i P A D  components - This inc ludes   in te r faces ,  
output,   input,   functions,   and  considerations for  t h e  effects of 
funct ion and data d i s t r i b u t i o n  on design, 

IPAD mecut ive  (IPEX) 

Interfaces"  Major IPAD components w i t h  which IPEX i n t e r f aces  
incluae sys t em funct ions,   user   interface,  data  management system, 
user   funct ions,  and application  programs- IPEX a l s o  interfaces 
w i t h  the host computer operating  system (OS) - It is the only IPAD 
component t h a t  has a func t iona l   in te r face  w i t h  the O S .  IPEX 
receives control  from t ne  hos t  OS upon its i n i t i a t i o n  and re turns  
cont ro l  t o  the  host U S  a normal terminat ion of IPAD operation. 
It handles a l l  data flowing between the major components as w e l l  
as data flowing  between IPAD and  the  host OS. An exception  is 
an  appl icat ion program t h a t  is on ly   pa r t i a l ly   i n t eg ra t ed   i n to  
IPAD, which may i n t e r f a c e   d i r e c t l y  with the host OS t o   o b t a i n  
c e r t a i n  services and resources 

Output.-  Output f r o m  I P M  is  airected t o  t h e  host O S  and t o  each 
of the major IPAD components- These outputs  are classified 
according t o  t h e i r  des t ina t ion .  
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Qutput t o  the host operat ing system: 

Task control  information 
Requests for service 
ciutput  from  major  components dest ined  for   user   terminals  
Output from major  components dest ined for f i les  
Xessages t o  other major components 

Output t o  major IPAD components: 

S t a tus  and error codes re turned   in   response  t o  requests  
f o r  service 

Service canplet ion block (SCB) re turned i n  response t o  a 
request for se rv ice  

D a t a  from a f i l e  obtained by a service request  t o  IPEX 

A message from another IPAD component 

Outpuc t o   o t h e r  1PE;Xs: 

Messages t o  IPEX on another c'omputer i n  t h e  CBEC 

Input,- Input t o  1PLX i s  received from the  host OS and from other  
major IPAD coxponents, These inputs   a re   c lass i f ied   accord ing  t o  
their o r iy in ,  

Input from the hos t  O S  : 

I/O completion signals 
A terminal  connect  signal 
An abor t   s igna l  
TasK s ta tus   in format ion  
Error  codes 
Responses t o  service requests 
Data from f i les  
D a b  from user   terminals  
iviessaqes f r o m  other components 

Input trom  major lE.'AD components: 

Requests i o r   s e rv i ce  
Messages t o   o t h e r  components 
Output t o   u s e r   t e r m i n a l s  
output t o  f i l e s  

Input from otner  IPEXs: 

Xessages irom 1PE;X on another  camputer i n  the CBEC 
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Function.- The IPAD executive  provides other major components w i t h  
standard services  including  process  control,   input,   output,  f i l e  
opera t ions ,   in te rprocess   comunica t ion ,   resource   u t i l i za t ion   da ta ,  
and access t o  c e r t a i n  host resources and services, IPEX also 
provides the i n t e rna l   func t ions  and data needed for the  
d i s t r i b u t i o n  of IPAD funct ions,  data, and  application programs. 

Upon r ece ip t  of a request  ior service from a major component 
IPEX, checks the request  and, if it is correct, locates the 
serv ice  and forwards the r e q u e s t   t o  the site of the service via 
some host computer in t h e  network, It resumes the operat ions of 
components tha t  cor rec t ly   reques t  available asynchronous  services 
and leaves  suspended those t h a t  cor rec t ly   reques t  available 
synchronous  services,  Requested services include  terminal   input ,  
terminal  output,  f i le  operations (open, close,   read, write) , send 
a message, receive a message, and i n i t i a t e  a task- 

System Fwlction  Interfaces 

The system  funct ions  interface  direct ly  only w i t h  IPEX. They 
are i n i t l a t e d ,  controlled, and normally  terminated by IPEX, and 
they  obtain a l l  services and  resources froan IPEX. A l l  data flows 
between the system tunct ions,  and o ther  major  components a r e  
handled  through IPEX. Through IPEX, the  system  functions 
may  interface  indirectly  with  all of the  major IPAD components. 
They provide a special set of services  t o  the Other components, 

U s e r  In te r face  

The use r   i n t e r f ace  communicates d i r ec t ly   on ly  w i t h  IPEX. It 
i s  init iatea,  control led,  and  normally  terminated by IPEX, and it 
obtains  a l l  services and resources from IPEX, All data flowing 
between the use r   i n t e r f ace  and other  major components are  handled 
through IPEX (refs. 6 ,  7, and 8) . 

The use r   i n t e r f ace   i nd i r ec t ly   i n t e r f aces  w i t h  a l l  major 
components and obtains   special  services from t h e  system  functions. 
Through I P E X ,  it i n i t i a t e s  the user   funct ions and appl icat ion 
programs  and obtains  data management se rv ices  f r o m  t he  data 
management system, Upon normal  termination, t h e  user   funct ions 
and application  programs  return  control t o  the  user   in te r face .  

Output.- output from the use r   i n t e r f ace  is d i r e c t e d   t o  IPEX. This 
output   cons is t s  ot pseudo user- terminal   output ,  messages t o  other 
components, and reques ts  for service. 

Input.-  Input t o  the user in t e r f ace  is received from IPEX. It 
includes pseudo user- terminal   input ,  messages from other  
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components, status and error codes, and results of service 
requests  . 
Function.- The funct ion of the use r   i n t e r f ace  component is t o  
provide  an  interface between the   u se r  and IPAD, It is the first 
and l a s t  component w i t h  which the use r   i n t e rac t s .  The user  
communicates w i t h  IPAD using the IPAD command language, The user  
i n t e r f ace  prompts the user  for i npu t ,   i n t e rp re t s  that input ,  and 
performs the requested  function. The user  interface determines 
the   au thor i ty  of users to  access IPAD. It provides   a ids  t o  the 
u s e r ,  maintains a p r o f i l e  for  each  user, and keeps data about a 
user  session. 

The spec i f ic   func t ions  of the user interface component are: 

Prompt user 
Read terminal   input  
In t e rp re t   i npu t  
Log authorized  users   onto IPAD 
Maintain a user p r o f i l e  
Establish user 's  terminal environment 
Log user  ofi LIPAD 
Provide  assistance t o  user 
Execute conmdnds 
Pass con t ro l  t o  requested  user  functions 
Pass cont ro l  to appl icat ion programs 
Collect  data on user   session 
Proviae  reports  t o  user  on  resource  usage 

Data Management System 

The data management system interfaces d i r ec t ly   on ly  w i t h  
IPEX. It  is i n l t i a t ed ,   con t ro l l ed ,  and normally  terrrlinated by 
IPEX, from w h i c h  it obtains a l l  services and  resources. All data 
t h a t  f l o w s  between t h e  data management system and other major 
coIrlponents is nandled  through IPEX. 

The data management sys tem  in te r faces   ind i rec t ly  w i t h ,  and 
provides data management services t o ,  a l l  major  components. 

Output,-  Output  from t h e  d a t a  management system is directed t o  
IPEX and includes  requests  ior service, data t o  be stored i n  
tiles, and messages t o  other components. 

Input.-  Input t o  the data management system is received from IPEX 
and inc ludes   da ta  from fi les,  messages  from other components, 
s t a t u s  and error codes, and r e s u l t s  of serv ice  requests . 
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Function” The funct ion of the data management system is to  
provide access to IPAU data as well as control  over such data. 
There are severa l  modes of access t o  data v i a  IPIP as w e l l  as 
var ious levels of control.  IPAD data f a l l s   i n t o   f o u r  major 
categories:  

1. D a t a  generated by users or user programs where the  data type 
is known t o  IPIP (ire.,  t h e  data itself is described t o  IPIP  
by means of a data definit ion  language) 

2. Data generated by users o r   u s e r  programs where the type of 
data  i s  not  knowr, to IP IP  (files fo r  w h i c h  a data descr ipt ion 
of the contents  does not   ex is t )  

3. Source  and object programs 

4, I P I P  system data tha t  describes user  data 

Access and  Control.- IP IP  allows access t o  a l l  types of data 
described above. However, access i s  restricted t o  some of the 
IPIP system data tor control  purposes,  Data categories  1 and 2 
may be accessea d i r e c t l y  by  users   via  an end  user   query  faci l i ty  
or  by appl icat ion programs. Programs are s t o r e d   i n t o  and 
re t r ieved  from the LPAD data base via a user   query   fac i l i ty .  A l l  
communications (requests, da t a )  are channeled through IPEX. 

The aata management system  provides  control  over the data i n  
the lPAD data  base, This cont ro l  f a l l s  i n t o  three major 
categories:  

1. Security--1PIP  imposes restricted access t o  both user  data 
and the IPIP s y s t e m  data .  

2 -  Configuration  control--IPIP  possesses  special capabilities, 
enabl ing it t o  provide  configurat ion  control   over  t he  da ta ,  
( I P I P  monitors t o  determine w h o  modifies w h a t  and when,) 

3 .  Backup and recovery--1PIP  provides mechanisms to  recover from 
system  software or hardware crashes and use r  errors. 

The funct ians  proviued by 1PIP  are a v a i l a b l e   i n  a cent ra l ized  
or  d i s t r ibu ted  environment - 

U s e r  Functions 

The use r   func t ions   i n t e r f ace   d i r ec t ly  anly  w i t h  IPEX. They 
are in i t i a t ed ,   con t ro l l ed ,  and normally  terminated by IPEX, and 
they  obtain all services and  resources  from IPEX. A l l  data t h a t  
f lows between the user funct ions and other major components is 
handled  through IPEX, 
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The use r   func t ions   i n t e r f ace   i nd i r ec t ly  with the system 
funct ions,  the user   in te r face ,  and the data management system. 
They ob ta in   spec ia l  services f r o m  the system  functions,  are 
ac t iva ted  by reques t  of the use r   i n t e r f ace ,  and, upon normal 
terminat ion,   re turn  control  t o  the user   in te r face .  They obtain 
data  managerent services from the data management system. 

Application Programs 

T h e  appl icat ion programs in t e r f ace   d i r ec t ly   on ly  w i t h  IPEX. 
They are i n i t i a t e d ,  control led,  and normally  terminated by IPEX; 
and they o b t a i n   a l l  services and resources  from IPEX. A l l  data  
that  flows  between  application  programs and other major components 
are  hancrled through IPEX. 

The appl ica t ion  programs l n t e r f a c e   i n d i r e c t l y  w i t h  the system 
funct ions,   the  u s e r  i n t e r f ace ,  and the data management system. 
They ob ta in   spec ia l   s e rv i ces  from the system  functions. They are 
a c t i v a t e d   a t  the reques t  of the user interface, and, upon a normal 
te rmina t ion ,   they   re turn   cont ro l   to  t he  user   in te r face .  They 
orrtain data management se rv ices  from t he  data management system, 
Application progrdms that are only p a r t i a l l y   i n t e g r a t e d   i n t o  IPAD 
may i n t e r f ace  d i r ec t ly  w i t h  the host OS t o   o b t a i n   c e r t a i n  services 
and resources. 

The Effects of Function and Data Dis t r ibu t ion  on Design 

From the  foregoing it is apparent tha t  the user  has no direct 
in t e rac t ion  w i t h  IPEX, the system  functions, or the data 
management system. IYEX affects the f l o w  of con t ro l  between the 
host and the TYAD components and among t h e  IPAD components, 

IC i s  important t o  n o t e   t h a t  there are no direct interfaces 
between the XM jor D A D  components ( sys t em funct ions,   user  
in te r face ,   da ta  management system, user funct ions,  and apFlicat ion 
programs) . An ind i rec t  i n t e r f a c e  i s  provided  through I P U ,  To 
understand the reasons  for this, a review of the IPAD system 
a rch i t ec tu re  i s  necessary. 

IPAD was aesigned Us a d i s t r ibu ted  computing  system, as  
evidenced by the  following: 

1. There are several  interconnected  hardware  elements. 

2 .  IPAD components mdy be distributed  over  processing  elenrents 
(PES) . 

3 .  WAD-controlled data m a y  be d i s t r i b u t e d  onto s torage  devices  
attached t o  seve ra l  PES. 
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4. Control of t he  IPAD system is rep l ica ted  on each PE. 

An i n s t a l l a t i o n  may d i s t r ibu te   func t ions ,   app l i ca t ion  
programs,  and data t o  best s u i t  its needs. 

Since IPAD components can be dist r ibuted  throughout  the 
system  in  various  configurations,  there can be no direct cont ro l  
or data in t e r f aces  between t h e m .  These interfaces must be 
provided  indirect ly  by the operating  systems  on the PES. The 
operating  systems €or the computing  systems selected to  support 
IPAD do not   suppor t   d i s t r ibu ted  computing- These functions must 
be provided by IPAD as an extension t o  the host O S .  IPAD has been 
designed so that  these functions  can later be assmeu by the host 
OS w i t h  minim1 changes t o  all cmponents  except I P E X .  Figure 4 
shows IPAD on two interconnected PES, 

The IPAD components depicted by A, b, C ,  D, and E of f igure  4 
have been  loaded  onto P E  1, and  components F, G ,  H, I, and J have 
been  loaded  onto PE 2, These represent  system  functions,   user 
in te r face ,  da t a  management system, user  functions,  and appl icat ion 
programs. Many other  cambinations of these components are 
possible  on the PES. T o  ensure maximum f l e x i b i l i t y  of IPAD, an 
i n s t a l l a t i o n  must be free t o  d i s t r i b u t e  components t o  best s a t i s f y  
i t s  requirenents ;   therefore ,  the components cannot  expect t o  find 
each other on s p e c i f i c  PES, which makes it impossible t o  establish 
direct in t e r f aces  between  such  components. 

The software components i n  a camputing s y s t e m  are either 
elements in a sequence of operat ions,  or they provide services t o  
each  other.  In  nondistributed  canputing s y s t e m s ,  these components 
are usual ly  linked: together  t o  korm a contiguous block of 
i n s t ruc t ions  anb data. The various components  (main program and 
subprograms) are executed  through a series of suDprogram "calls" 
and They pass data  among themselves  using parameter 
exchanges by call ing  sequences,   accessing global da ta  areas, or  
auxi l ia ry  storage devices. 

1PAD components  must i n t e r a c t  w i t h  each other through IPEX, 
w h c h  alone has access to the information  concerning the loca t ion  
of programs and data. T h i s  information is kept in the system 
configuration tables. 

Assume tha t  i n  f igu re  4 the  letters represent  the following 
IPkD components : 

LETTER 

A 
B 
C 

COMPONENT 

System funct ions 
User in te r face  
Text editor 
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D 
E 
F 
G 
H 
1 
J 

D a t a  base query 
ATLAS 
System funct ions 
Data management system 
D a t a  de f in i t i on   func t ion  
FOHTliAN precompiler 
Design  drafting  function 

The system  configuration tables reveal the ac tua l   loca t ion  of 
these components  and are  accessible  by IPEX on each PE. 

Obviously, from an  internal   systems  viewpoint ,   d is t r ibuted 
computing  produces higher overhead costs than do nondist r ibut ing 
systems. The performance of a properly  configured  dis t r ibut ing 
computing  system, as  perceived by a user, may be f a r  s u p e r i o r   t o  
tilat of a simple  system when both  have many users   ana   a re  
providing  equivalent services. 

The need t o  u i s t r i b u t e  the major IPAD components over the set  
of PES in a distributed  computing  system  also  suggests  that  the 
major IPAD canponents be implemented as separate tasks under the 
host OS - 

Implementation  Alternatives for  Multiple-Host  Systems 

AS previously  noted,  an  appreciation of IPAD as a multiple- 
use r  d i s t r ibu ted  computing  system requi res  an understanding of the 
scheme f o r  implementing IPAD on each host computing system ( re f .  
9) 

A s  a t u l l y  d i s t r ibu ted  computing  system, IPAD is based on a 
direct  data t r a n s f e r  bus-type  network, D a t a  i s  passed  direct ly  
between  network  computers, anu network cont ro l  is d i s t r ibu ted  
throughout the network, A Lskernel" network control   funct ion,  
which handles the d i s t r i b u t i o n  of funct ions and data, i s  
rep l ica ted  on each network  computer, 

I n  any  computing  system,  computing tasks request  services and 
resources,  which are provided  through the host operat ing system. 
They include  input ,   output ,  and f i l e  operations;  process  control.; 
i n t e r t a s k  communication ; etc. In single-host computing systems, 
all of the se rv ices  and resources are loca l ly   ava i l ab le ,   In  
d i s t r ibu ted  computing  systems,  they are supplied by computers 
throughout the network. The computing t a s k s   i n   s u c h  systems 
request services and resources just as they do in   nondis t r ibu ted  
systems,  and these requests are made using the same in te r f ace  on 
any computer i n  the network. It is the r e spons ib i l i t y  of the OS 
on each computer t o  obtain  requested services and resources 
regardless of iocat ion.  The configurat ion of t he   d i s t r ibu ted  
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computing system and the  locat ion of services and resources must 
be t ransparent   to   the computing tasks. 

Figure 5 shows t w o  interconnected  host  computers. Task A 
requests a service, &e local OS, to  which task  A makes t h e  
request   ( l ine 1 ) ,  interprets   the  request ,   determines  that   task B 
provides  the  servlce,   locates task B, packages the  request,  and 
sends it ( l ine  2) t o   t h e  computer that   contains   task B, The OS on 
host 2 receives the message from host 1, acknowledges receipt ,  
recognizes  the  request  for a service provided by task  B, saves  the 
location of task  A, and passes the request   to  task B ( l i n e  3) - 
After  completing its work, t ask  B reques ts   tha t   resu l t s  and s t a t u s  
be  returned  to t a s K  A ( l ine  4) . The local  OS in te rpre ts   the  
request, recdls  the  location of task A, and packages and sends 
the r e s u l t s  and s t a t u s   t o   t h e  computer containing  task A ( l i n e  5) . 
The OS on host 1 receives and acknowledges the  message containing 
r e s u l t s  anu s ta tus ,   in te rpre ts   the  message, and passes it t o  task 
A ( l i n e  6 ) .  

A fu l ly   d i s t r ibu ted  system also  provides  for t h e  d is t r ibu t ion  
of data,  The location of files is kept i n  the system 
configuration  tables.  Tasks  request the aesired operations on the  
data  base from the data management system, using  logical f i l e  
names. The uata management system  processes  these and requests 
t h e  OS t o  perform t h e  desired operations on these   l og ica l   f i l e s .  
The OS maps the logical  f i l e  naw,   loca tes   the   f i l e ,  and ini t ia tes  
the sequence of operations  required  to perform  the f i l e  operation. 
I f  t h e   f i l e  is iocal ,  it w i l l  i n i t i a t e  t h e  appropr ia te   f i l e  
operation;  otherwise, ~t formulates a message containing the 
request  ana  follows  the  scenario  previously  described, 

The preceding  scenarios  specify  functions  that must be 
provided by the OS i n  a dist r ibuted computing system, together 
w i t h  data needed by t he  system and cer tain system a t t r ibu te s .  

Each O S  i n  a dis t r ibu ted  computing system must receive and 
interpret   requests   for   services;  locate services;  package requests 
i n t o  messages;  send,  receive, acknowledge, and in t e rp re t  messages; 
and direct messages t o  the appropriate  tasks. 

Locating a service (and f i les )   requi res  access to  timely 
information  giving  the  location oi a l l   func t ions  and data,  This 
information must  be updated whenever an event  occurs  that  changes 
t h e  configuration of t h e  network o r  the s t a t u s  of functions and 
data.  Each OS must have access to   this   information and provide 
information an the  status of i ts  functions and data when requested 
and when t h e   s t a t u s  changes. 

Operating  systems in d is t r ibu ted  computing  systems must he 
a b l e   t o  communicate with each  other,  This  requires a standard 
communication protocol for nlessages and data, Since computers i n  
a dist r ibuted computing system may use different   representat ions 
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€or i n t e r n a l  data, each mst p rov ide   t r ans l a to r s  t o  and from the  
network  standard data format. Each OS must receive and recognize 
requests  for  services provided  throughout the d i s t r ibu ted  
computing  system, The interface t o  these services (ca l l ing  
sequence and re turn)  must be i d e n t i c a l  on each computer, 

None of the IPAD host computing  systems are d i s t r ibu ted  
computing  systems. The IPAD implementation alternatives are 
concepts fo r  providing the necessary  services.  Three major 
implementation  concepts were considered - 
1. Incorporate the func t ions   necessary   to   p rovide   d i s t r ibu ted  

funct ions and data i n t o  each host computer OS: 

Case A: Implement a l l  ma-Jor IPAD components a s  a s ing le  task  
unaer the cont ro l  of the OS. 

”- Case B: Implement the IPAD components as individual  tasks 
under the control  of the OS. 

2- Implement E?- as a s i n g l e  task  under the control  of t he  US 
(including IPEX and t h e  other  major components) and develop 
IPEX t o   p r o v i d e  the funct ions and interfaces   necessary for 
d i s t r i b u t e d  computing. 

3 - Implement each major IPAD component (including IPEX) as 
ina iv ldua l  tasks under the cont ro l  of the O S  and develop IPEX 
to   p rov ide  the funct ions and in te r faces   necessary  for 
d i s t r i b u t e d  computing. 

PRELIMINARY D E S I G N  AND FUTURI: DIRECTIONS 

The content  of this paper has retlected f u l l  IPAD l e v e l  11, 
a t  the time it was presented t o  NASA and ITAB during  preliminary 
design  review (PDK) i n  September 1978.  Subsequent t o  this 
evaluation, it was decided by NASA and 1TAB t h a t  specific areas of 
the technology  covered  during the PUR be f u r t h e r  developed. This 
meant a reduction of e f f o r t   i n  the following components: PEX, 
user   in te r face ,   user   func t ions ,  and graphics ,  W i t h  the major 
t h r u s t   t h e n   t o  be directed t o w a r d  the development of a prototype 
IPAD (first l e v e l )   s p e c i f i c a l l y  in the area of data management and 
IPIP, the IPkD data base management system. 

k aiscussion of the effort ,  which has extended  since 
September 1978 u n t i l  the  contract   terminat ion date of February 
1 9 & 1 ,  is included  in  proceedings  and  papers  presented a t  the IPAD 
National Sympsium held i n  Denver,  Colorado,  September 17-19,  1980 
(refs- 10,  11, 1 2 ,  13, 14, and 15). 
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CONCLUDING REMARKS 

The p r e l i m i n a r y   d e s i g n   o f   f u l l  I P A D  has p r o v e n  t h a t  t h e  
c o m p l e x i t i e s  of m a n a g i n g   a n   e n g i n e e r i n g   d e s i g n  project c a n  be 
g r e a t l y   e n h a n c e d  by t h e  u s e  of a c o m p r e h e n s i v e   u s e r - o r i e n t e d  
computer   sys tem.  

The capabi l i t i es  a n d   f u n c t i o n s   p r o v i d e d  t o  t h e  d e s i g n  
e n g i n e e r   w i t h i n  a CBEC are w i d e   a n d   v a r i e d ,   t h u s   a l l o w i n g   b o t h  
t e c h n i c a l   a n d  project management   wi th in  t h e  eng inee r ing   complex .  

From a t e c h n i c a l   s t a n d p o i n t ,   t h e  s t a t e  of t h e  a r t  i n  
computing is p r e s s e d  t o  t h e  limit i n  a l l  areas of f u n c t i o n a l i t y  t o  
s u p p o r t   t h e   m a n / m a c h i n e   d i a l o g   n e c e s s a r y  t o  p r o m o t e   a n d   i n c r e a s e  
p r o d u c t i v i t y   t h r o u g h o u t  t h e  e n g i n e e r i n g   d e s i g n  process. See 
f i g u r e  6.  
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EXECUTIVE; AND COMMUNICATIONS SERVICES TO 

SUPPORT THE IPAD ENVIRONME51T 

J. G -  Tanner, zj. M. Kirkwood, F, M. Ives 
Boeing Computer Services Company 

SUMMARY 

The pr inc ipa l  purposes ok the prototype executive software 
are to  provide a system independent  interface t o  the  underlying 
host system and to a l l o w  for extension t o  fu l l  IPAD executive 
services as desc r l ibed   i n  the prelrninary  design. A bas ic  set of 
funct ions is i n c l u d e a   i n   t h e   p r o t o t y p e   t o  m e e t  the requirements of 
the   o ther  components ox the prototype,   pr incipal ly  IPIP,  the IPAD 
data management s y s t e m ,  The funct ions were chosen so t h a t   t h e y  
would be readi ly  built an any of the  proposed host systems  with 
n u n i m a l  redesign and execution  overhead. The f u n c t i o n s   f a l l   I n t o  
f ive  categories:   access  t o  host data, access t o  data f i l e s ,  
access to communication services ,   data   t ransformation,  and 
instrumentation tor performance  measurement. 

Communication services provide message de l lvery  between 
processes in a network ot heterogeneous  computers- D a t a  
t ransformation  services and  communication services ensure data 
t-ype v a l i d i t y  dnd aata i n t e g r i t y  of  rrlessages exchanged  between 
processes . 

I n  the  prototype, coxrununication services use a high-speed 
l o c a l  network t o  connect the computers; t h i s  does not  precluae t h e  
use of otner  co"nmunication  subnets  such as a public  packet- 
switched network,  Lxtendability is impor tan t  f o r  both executive 
serv ices  and comunlcat ions services . 

INTRODUCTION 

The foilowing  discussion is necessar i ly  limited to  a brief  
overview of the IPAU s y s t e m  and IPAD executive ( IPEX)  des ign;   for  
a more extensive  descr ipt ion,  the reader is r e fe r r ed  t o  t h e  IPAD 
Level 'Two Design  document ( r e f .  1) . I n i t i a l l y ,  we are building a 
prototype  system that is a subset of the preliminary  design  review 

management, geometry,  and  communications. This  sec t ion  a lso 
discusses the   s t r a t egy  tor making the t r a n s i t i o n  from the 
prototype t o  f u l l  U E X .  The  remaining sections d iscuss   the  
prototype  design i n  moxe detai l  and expla in   the  use ot a high- 
order language (HUL) i n   t h e   d e s l g n  and implementation of. the 
prototype system. 

' (PDR) concept and concentrat ing etfort  i n   t h e  areas of data  base 
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IYAD System  Overview 

The p r i n c i p a l  j+rpose of the IPAD system is to support 
i n t e g r a t i o n  of engineering  and  project   mmagement activities for 
large engineering  projec-s, The system is made up of (1) a user  
i n t e r f a c e ,  (2) a data base management system, (3) an execut ive,  (4)  
system  funct ions,  (b) user func t ions ,  and (6) application  programs. 

Geometry is an i n t e g r a l  part of IPAD. Geometry  manipulation 
ana display  c a p a b i i i t i e s  are produced by a combination of data 
base management func t ions ,   u se r   func t ions ,   u se r   i n t e r f ace ,  ana 
graphics .  

Englneering  requirements for the system are aimed a t  
designing and bu i ld ing  a tool that w i l l  i n c r e a s e  the produc t iv i ty  
of t h e  engineers  snd managers on such   p ro j ec t s  (refs. 2, 3, and 
4) . Most of t h e  requirements affected t h e  des ign  and 
implementation of the execut ive   sof tware  either d i r e c t l y  or 
i n d i r e c t l y  . Some requirements t k t  airectly affect execut ive 
software dre the xollowing:  

1-  

2. 

3. 

4. 

5. 

6. 

7 .  

8 .  

9 -  
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The system should he b u i l t  with i e w  or no modi f ica t ions  t o  
the host operat ing  system(s)  . 
The software shoula  run  i n  e i t h e r  a s i n g l e  or mul t ip le  host 
environment - 
The mul t ip l e  host system could and probably would be a 
multiple nranuf acturer   system. 

The system arcnitecture and the nature of the host ( s )  i n  the 
system snoula ue t r a n s p a r e n t  t o  the  user (e-g., a uniform 
accounting  system)  except for cons idera t ions   such  as the 
precision  and  ciccuracy ui numer ica l   r e su l t s ,  

The nonexecutive 1PAD sof twdre  should be as p o r t a b l e  as 
possible, w i t h  a minimum or host  system  dependencies.  

Wherever and whenever Fossible, n a t i o n s 1   a n d   i n t e r n a t i o n a l  
standards shoGla ~e adhereu t o .  

The system should support communication w i t h  non-IPAD systems 
dnd permit access to  design data under IPAD c o n t r o l  from non- 
IPAIj systems. 

The system should permit t r a n s k e r  of program modules and data 
between IPAD I n s t a l l a t i o n s .  

The system should provide   cont ro l led  access t o  resources  and 
ddta  by processes  within ar~d ou t s ide   an  IPAD i n s t a l l a t i o n  
based on d user's c a p a b i l i t i e s .  



A s  a consequence ot these  requirements,  the IPAD executive 
(IPEX) is d e s i g n a  as a subsystem t o  support  IPAD a c t i v i t i e s  and 
t a s k s  in a distributed,  heterogeneous  environment. IPEX will also 
funct ion i n  a nondis t r ibuted,  or homogeneous, environment. The 
logical v i e w  of IYAU components is shown i n   f i g u r e  1, and t h e  
re la t ionships  of IPAU components t o  each  other and t o  t h e  host 
operating system are shown i n   f i g u r e  2, 

IPEX Design Uverview 

IPEX is  designed to provide d uniform  view of the  underlying 
computer system(s) t o  t h e   o t h e r  components of IPAD. In   addi t ion,  
it provides  controlled access t o  resources inciependent of the 
loca t ion  of the requestor and resource  (ref 5) . 

Requests are r u u a e  of IPEX by building a service request block 
and  asking  the host operat ing  system  to  pass this block t o  IPEX. 
IPEX assigns a request  process to t h i s  service  request  block,  and 
when the request  has been processed, IPEX asks the   host   operat ing 
s y s t e m  to pass a se rv ice  conrpletion  block to IPEX. IPEX assigns a 
r eques t   p rocess   t o  t h i s  service request block and, when t h e  
request has been processed, IPLX asks the host  operating  system t o  
pass a service completion block to the task that requested 
service.   This  process is dep ic t ed   i n   f i gu re  3 .  

In te rna l ly ,  I P S  is organized as a group ot independently 
scheduled  cooperating  processes t h a t  fall i n t o   o n e  of t h r e e  
groups:  request  processes, server processes, or funct ion 
processes. 

There is a request  process  for  each request made of IPEX. 
The request  process aeccaes the request  and genera tes   the  
necessa ry   i n t e rna l   r eqbes t s   t o  other IPBX components,  such as 
server  and function processes. T h e  re la t ionships  between i n t e r n a l  
processes,  a requesting task, and t h e  host   operat ing system are 
shown i n  f igu re  4. 

I n  most cases t h e  in te rna l   reques ts   genera ted  by t h e  request  
process are sen t  LO server  processes. These processes   interface 
with the  host system t o  accomplish  such  host-dependent  activity as 
f i l e  access, 1/0 device access, and task control .  The reason f o r  
dividing request s e r v i c i n g   i n  this manner i s  t h a t   t h e  host system 
involved i n  se rv ic ing   the   reques t  may no t  be t h e  host on  which t h e  
request  was macie. Request processes  interface  with the request ing 
tasK, and server processes  interface  with t h e  t a rge t   hos t .  

I P U ,  ds described above, w a s  removed f r o m  the  system when w e  
decided t o   b u i l d  a reduced-function prototype. We then  had t o  
design  operat ing s y s t e m  in t e r f ace  software tha t  would s a t i s f y  a 
subset of t h e  full 1 Y U  funct ions and evolve   in to   the  full IPEX 
design. 

97 



Strategy of Evolution 

One ot the primary concerns   in   def in ing   the   p ro to type  wds 
that it hdd to be built  wi th in  time and mney  constraints, T h i s  
cowern  led t o  Ilirriting the design t o  the s o l u t i o n  of a subset of 
t h e  problems aadressed by t h e  f u l l  IPAD d e s i q .  To concentrate  
our e i f o r t s  still fur*=, we focused our attention on the areas 
01 (1) data Lase nlanagement, (2) geometry,  and (3)  da ta  
comnlunication. 

Regardiess  OF o the r   des ign   cho ices   fo r  the prototype, it is 
important t o  i n s u l a t e  the use r  and nonexecutive lPAD software from 
changes i n  the lower-level support software.  This  approach also 
aliows some or all of the i d e n t i f i e d  IPEX func t ions  t o  migrate 
i n t o  the h o s t  system software,  which is vendor-supplied  and 
-maintained. The rn iy ra t io r i  process will n o t   a f f e c t   t h e   u s e r ' s  
view of t h e  s y s t e m ,  Some of the  major  considerations i n  the 
design of t h e  execut ive sottware w e r e  the  fol lowing:  

1. 

2 .  

3 .  

4- 

5. 

6 .  

7, 

A uniform user i n t e r f a c e  must be es t ab l i shed ,  

The evolut ion from the  prototype sottware to f u l l  IPEX should 
Le t r anspa ren t  to the   user .  

IPEX would n o t   e x i s t  as a sepa ra t e  task and address space. 

The system  should  proviae some form of task-to-task 
communication . 
Functions ana resources would no t  be i m p l i c i t l y  or 
t r anspa ren t ly  d i S t X i D U t e d  . 
The system conrigurat ion would cons i s t  of t w o  nodes: CDC 
L Y W R  172 (NOS) ana a GEC PDP 11/70 (IAS) . These  systems 
w e r e  la ter  changed t o  a CLC CYREK 720 (XOS) and a DEC 
VU1 1/780 (VMS) . 
?'he design snould  not  preclude  software  migration t o  an B M  
hos t  . 
In t h e  deslgn for f u l l  l P U ,  system services (e.g., f i l e  

access) are t o  h& proviuecl by a c e n t r a l  IPAD execut ive (IPEX) , t o  
be shared by a l l  use r s ;  but, for the   p ro to type  IPAD, system 
services w i l l  be provided by mul t ip le   copies  of IPEX se rv ice  
rou t ines  (IPSRs) ,  one set  to each  task.  These I P S s  w i l l  combine 
the   func t ions  of the request   processes ,   server   processes ,  and 
furlctlon  processes ot 1PkX. 
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IPEX SERVICE ROUTINES 

The IPSRs are  the lPAD app l i ca t ion  c s  and IP IP  p r o g r a m e r  Cs 
views of the host system  envirorment. The €unct ions  available 
c o n s t i t u t e  a s u b s e t  ot t he   i unc t ions  provided by the h o s t  system, 
They are a subset because  they form a n   i n t e r s e c t i o n  of 
c a p a b i l i t i e s   o f  the poss ib le   hos t   sys tems.  No t unc t ion  or 
c a p a b i l i t y  is provided in  1PSRs t h a t  is not  mapped e a s i l y  t o  
e x i s t i n g  host system services. 

First Stage of kvolution 

The I P S R s  w i l l  reside i n   t h e  same address space 
task and f a l l   i n t o  tnese func t iona l   ca t egor i e s :  

File 1/0 
Network I/CJ 
Access to  t a s k  and host U a t d  
Task  control: 

as the requesting 

Ins t ru rwntd t lo r~   p r imi t ives  for  gather ing  performance  data  

Device I / O  w a s  not   considered €or the prototype,   and  terminal  
l / O  is supported  adequdtely by the programming language,   In  
add i t ion ,  data t rhnstormation  sof tware is useu in conjunct ion  with 
network I/O t o  maintain data compa t ib i l i t y  between processes. 
Because the I P S R s  reside i n  the s d m e  address   space as  t h e  u s e r s  
sof tware,   access  t o  host system services occurs by c d l s  and not  
by passing  request  blocks t o  1PE;x. 

This  tirst s t a g e  or evolu t ion   provides  access t o  l o c a l  host 
system resources. Access t o  remote system  resources must be done 
e x p l i c i t l y  by using  network I/U f ac i l i t i e s  and therefore  assumes a 
Knowledge of r e s o u r c e   l o c a t i o n .  

The Migration Path 

The move from the prototype X P S R s  t o  f u l l  IPEX w i l l  be a 
s tepwise   p rocess ,   the  first s t ep   be ing   t he   bu i ld ing  of the IP-s 
fo r  the prototype. The n e x t   s t e p  i s  to b u i l d  a basic ver s ion  of 
the c e n t r a l  shared IPEX as designed a t  PDR. I n t e r n a l  e lements  of 
t h i s  basic ve r s ion  w i l l  i nc lude   t he   con t ro i  loop and t h e   r e q u e s t  
processes .   Migrat ion w i l l  proceed by addinq server and func t ion  
processes  t o  IPLX t o  suppor t  the t unc t ions   cu r ren t ly   suppor t ed  by 
I P S R s .  During this migration  stage,   IPSR-supported  functions  and 
IPEX-supported func t ions  w i l l  coexist. 

Once suppor t  for a l l  tne prototype  funct ions  has   been assunled 
by IP i iX ,  experimentat ion  with new funct ions  and 
be done by adding  server   and  funct ion  processes  

c a p a b i l i t i e s   c a n  
t o  IPEX. One of 



the primary areas of i n t e r e s t  is resource   shar ing   and  access t o  
remote resourcesl In gene ra l ,  we are i n t e r e s t e d  in the 
d i s t r i b u t i o n  ot kmth data  and functions i n  a heterogeneous 
camputer  network. 

The basic Divis ions  of Se rv ice  

There   a re  Live basic d i v i s i o n s  oi service supported by IPSks, 
and  these are the  fundaniental  functions neeaed by IPAD 
app l i ca t ions   and  IPIP. We emphasized t h e  three areas of f i l e  I / O ,  
network I/u,  dna ins t rumenta t ion  primitives,  because these were 
coxisidered m o s t  c r i t i ca l  t o  t h e  arvelopment of o t h e r  IPAD 
coraponents. The two G t A e r S ”  ( 1) t a s k   c o n t r o l  and (2) access t o  
t a s k  and nos t  data--are provicteu but no t  supported to the  same 
e x t e n t  a s  t h e   t h r e e  prirrrary arehs. A l l  t h e  areas are d iscussed  
br ie t ly  i n   t h i s  sectlm, a n d  detailea d i s c u s s i o n s  of f i l e  I/u, 
network I/O, da ta   t r ans to rma t ion ,  and i n s b u m e n t a t i o n  and 
performance  measurement  occur i n  later s e c t i o n s  of this paper. 

WAD Host Access S y s t u u  ( IHAS)  -- The 1PAD host access system 
(INIS) must provide  ident . ich1  host   computer   access/control  
s e r v i c e s  t o  any 1 P l h  tdsk   execut ing  on any of the  host   computers  
i n  t h e  IPAD computirlg complex, To do t h i s ,  IHAS provides a set  of 
r o u t i n e s  ( I P S R s )  t h a t   e n a b l e  an IPAD t a s k  t o  access and control 
Its underlying host computer  system. IHAS func t ions  allow an P A D  
task to: 

1, Obtain host system c h a r d c t e r i s t i c   d a t a  

2 -  Determir‘e i t s  own e x e c u t i o n   s t a t u s  

3 .  Suspend i t s  OWE execution 

4. Set its own cormitions fcir cont inuing  execut ion 

5. Obtain  time and date 

An I P A D  task woula invoke the HSTDATA func t ion  t o  determine 
w h i c h  oi the host  computers i n  t h e  1PAD computing  complex it is 
executing on. ~t w i i l  use t h e s e  host-characteristic d a t a  t o  set 
up f i l e  record l e n g t h s  and e x t e n t s ,   c h a r a c t e r  s e t  usage, word 
size, etc . 

Ihe LPAD t a s K  cdn suspend i ts  o m  execut ion  w i t h  t h e  TSKSPND 
func t ion   ak te r  aetermininy i ts  execution s t a t u s   w i t h   t h e  TSKSTAT 
func t ion .  If an ezr‘ol: occurs  during its execut ion ,   the  IPAD t a s k  
can handle t h i s  i t s e l f  w i t h  t h e  TSKEKR tunc t ion .  
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Time and date maintained by t h e  underlying host computer’s 
operating  system are accessible through  the HSTTIME and HSTDATE; 
functions.  

lPAD File Control System (IFCS) .- IFCS maps its host-independent 
functions  onto tnose of the underlying  host  operating  system, 
U s i n g  these funct ions,  an IPAD t a s K  may create new f i l e s ;   ex t end ,  
shorten,  or de l e t e   ex i s t ing  tiles; and read, w r i t e ,  and update 
records w i t h i n  a f i l e .  IFCS is d i scussed   i n  more detail  i n  a 
following  section, ana figure 5 summarizes functions and their- 
parameters. 

Network Services.- Network services provide  the I P A D  task access 
t o  a l l  available  currmunications  services. For the prototype, this 
cons is t s  of a high-speed local network of two computers. Network 
runctions  allow an IPAD task t o  connect t o  and disconnect  from the 
network  ana t o  send and receive messages t o  and f r o m  other  tasks 
connected t o  t h e  network. 

Network services are d iscussed   in  more d e t a i l   i n  a later 
sec t ion  of t h i s  paper, and f igure  6 summarizes tunct ions and their 
parameters, 

Data  Transformation.- D a t a  transformation services f a c i l i t a t e  
process-to-process  conununication i n  a heterogeneous  environment. 
Functions  provide  both i t e m  and record  transformations between 
machine representat ion and standara  representat ion.  Data 
transformation  sexvices and s tanaard  representat ion are discussed 
i n  more detai l  i n  a later sec t ion  of this paper, 

Instrumentation ana Performance Measurement .- Instrumentation is 
extremely  important ~n t racking and a l t e r i n g  the  performance or a 
computing system, especially a new system. In  addition, it helps 
ve r i fy  the model of the system. The ve r i f i ed  model can then be 
used  with  greater  contidence to predict   the  performance  results of 
a change t o  the s y s t e m .  Functions e x i s t  t o  record  counts and 
times and t o  trace aata a t  several  levels ok d e t a i l .  

1PhD F ’ l U  CONTROL SYSTEM ( I F C S )  

The I P U  control  system ( IFCS)  m u s t  p rovide   ident ica l  f i le-  
t y p e   s e r v i c e s   t o  any IPAD task executing on any of t h e  host 
computers i n  the IPAD computing  complex, To do this IFCS provides 
a set of rout ines  (IPSKs) t ha t   enab le  an IFAD t a sk  t o  access IPAD 
files using the f a c i l i t i e s  of We host computer system it is 
executing on. IFCS enables an IPAD task to:  
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1. Create new tiles 

2. Extena,  shorten,  or delete e x i s t i n g  files 

3. Head, write, and update recoras  w i t h i n  a f i l e  

Through k i l e  access func t ions  and their a s s o c i a t e d  
parameters, an IPAL, task t r a n s m i t s   f i l e  access commands to  the 
underlying host  computer  system and rece ives   comple t ion   s ta tus  
information and data i n  r e tu rn .  

With IFCS, kiies are c o n s t r u c t e u   a s  a one-dimensional  array 
(or sequence) of records. This  is achieved through  exclusive  use 
ofr the h o s t  C O ~ i p U t E r ' S  *%iirect*l form of f i l e  organiza t ion .  k 
sequen t i a l   o r   t ape - l ike  form of f i l e  o rgan iza t ion  is n o t  used. 
The access methods supported by IF'CS are s e q u e n t i a l  and random. 

IFCS File  A t t r i b u t e s  

Each IFCS t i l e  nas c e r t a i n   l o g i c a l  and phys ica l  
characterlstics . I n  trie IPAD prototype  environment, some of these 
c h a r a c t e r i s t i c s ,  ur a t t r i b u t e s ,  are tixed. Files created by IFCS 
have the followiny restricted set of a t t r i b u t e s :  

1. 

2 .  

3 .  

4. 
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All I F A D  f i l e s  resicie on direct-access storage devices 
(disks)  . Tney are organized as  a phys ica l   s t ruc ture ,   where in  
l X S  cons ide r s  the f i l e  t o  be a one-dimensional  array  of 
t i xed - s i ze  records. An access index i s  associated w i t h  each 
record in the f i l e  ana has values  ranging f r o m  one t o  the  
t o t a l  number oi recoras i n  the f i le ,  

A record is the fundamentdl unit of i n f o r m a t i o n   i n  an IPAD 
f l l e .  IFCS provides  access t o  recoras in k i l e s  mt does  not  
support   an  awarecess  of l o g i c a l   r e l a t i o n s h i p s  among 
records/ i I i formation  in  1PAD f i les  o r  any  knowledge of record 
content .  Eacn record is processed as a s i n g l e ,   i n d i v i s i b l e  
u n i t  oi d a t a  whose s i z e  is an in t ege r   mu l t ip l e  of t he  s i z e  of 
the host system's s torage   device  block. Each t i m e  a record 
is  accessed, t n i s  many blocks aTe transferred. IPAD tasks 
builci individual recoras and pass them to  lFCS for  storage i n  
an IPWJ f i l e  or  i s sue   r eques t s   fo r  I F C S  t o  r e t r i e v e   r e c o r a s  
from an I P M  tile. 

Each f i l e  has a unique name, w h i c h  is used by t h e  underlying 
host  computer's f i l e  access method to i d e n t i f y  the f i l e  in 
i t s  directory. The f i le ' s  name is  codeci i n  the host's 
chdracter set and is theretore host-dependent. 

A l l  r e c o r u s   i n  an IPAD t i l e  have the s m e  fixed l ength ,  which 
may be difiererit on   d i f f e ren t  hosts due t o  the d i f f e r e n t  



c h a r a c t e r i s t i c s  of t he  host computerBs direct-access s torage 
device. 

5 ,  IPAD f i l e s  have a maximum s i ze ,  dependinq on t h e   h o s t  
computer  system. 

6. Read-only access  can be  derined  for  an IPAD f i l e .  

IFCS File Access 

An IFCS f i l e  can be accessed either randomly or sequent ia l ly .  
Random access is achieved by specifying the recordas  access inaex; 
then an individual  record  can be either read, using t he  HEAD 
function, ox completely  replacea, using the WRITE function. 

The sequent ia l  access m o d e  i s  used t o  bui ld  an IPAD f i l e   u s i n g   t h e  
WRlTE tunction and t o  access it using the READ function  without 
needing t o   s p e c i f y  the recora's index.  Records are accesseci i n  
the order  i n  which t h e y  w e r e  placed on t h e   f i l e ;  however,  by  using 
the POSITION func t ion ,   the   record   to  te next  accessed can be other  
than  the one next  in  sequence. This funct ion  can  specify  re la t ive 
posit ioning  (forwad  space and uackward space) and absolute  
posit ioning  (rewind  to  load  point  ana  space t o  a record specif ied 
hy i ts  index) . An D A D  f i l e  can be made smaller e i t h e r  by 
posi t ioning the f i l e  to t h e  l a s t  meaningful record or by 
specifying  the  index of the record and then  executing the TRUNCATE 
function. An lPAD f i l e  can be extended by using the POSITION and 
WRITE funct ions . 

To access an ex is t ing  1PAD f i le ,  an IPAD task must first 
connect t o  it using t h e  OPEN function. An IPAD f i l e  can be 
created by using the U P M  funct ion to d e f i n e   t h e   f i l e ' s   a t t r i b u t e s  
and t o  s igna l   t he   c r ea t ion  of a new f i l e .  T h i s  causes   the 
underlying  host  operating  system to crea te  an en t ry  for the new 
f i l e   i n  i t s  d i r ec to ry ,   a l l oca t e  space, and pos i t ion  the f i l e   t o  
the beginning of the  allocated  space,  Repeated  use of t h e  WRITE 
funct ion w i l l  then add records t o   t h e  new f i l e ,  

When f i l e   b u i l d i n g  or accessing is complete, t h e  IPAD t a s k  
disconnects from the f i l e  by using the  CLOSE funct ion.  

An IPAD file can be removeu from the   hos t  computer  system's 
directory by using the DELETE function. At t h i s  t i m e ,  a l loca tea  
space m s y  be re turned t o  the  host   system for reuse. 

Figure 5 sunanarizes the I F C S  funct ions and their   parameters.  



NE'rWORk SERVLCES 

Network services provide  communication  between  processes i n  
t h e  IPAD system. This is done in  a uni f ied  way with a combination 
of hardware and so f twure  subsystems. The comunications  system is  
designed to in te r tace   wi th  a va r i e ty  of communication  subnets 
while  keepirig t h e  communications in t e r f ace  t o  the   user   cons tan t  
ami uniform. T h i s  approach is i n  keeping  with  the  philosophy of 
insu la t ing  users f r o m  changes in t h e  mechanics of communications 
and  permits taking advantage of rlew coInmunication  networks and 
changing  communication  technology - 

Corrununications Archi tecture  

To f u r t h e r   l n s u l a t e   o u r s e l v e s  krom changes,  we  adopted the 
layered  architecture  proposed by the American National  Standard 
for Intormation Interchange (ANSII )  and the In t e rna t iona l  
Standards  Organization (TSO) . The proposed a r c h i t e c t u r a l  model 
conta ins   the  rollowing seven levels (or layers )  of control:  

Level b. Presentativc control 

Level 5. Session  control  

Level 4. Transport control  

Level 3 .  NetWOIK control  

Level 2. L l n ~  control  

Level 1 .  Physical  control 

?.he communications s u b n e t  supports physical and l i n k  control 
funct ions as well ds some network con t ro l  functians. The 
comuunications  control program (CCP) software  supports   session,  
t rdnsport ,  and t h e  reinakling network control funct ions-  The 
relationships  between  these  layers  and  among  their  peers  are 
depicteci i n  r igure 7. 

Network coritrol  is t r a n s p o r t   c o n t r o l @ s   i n t e r f a c e   t o   t h e  
communications  subnet  haaware. The network cont ro l  interface 
supplies  func t ions ,   s ta tus ,  and operational  behavior 
c h a r a c t e r i s t i c  of this type of network. Th i s  i s o l a t e s   t r a n s p o r t  
control f row knovJleage of naraware details ,  thus f ree ing  it t o  
concern i t s e l r  W i t h  functions  comon t o  a l l  networks- Some of 
these  funct ions dre routing,  f low  control,  end-to-end 
acknowledgements,  segmentation,  blocking,  and message 
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retransmission . Transport  control  handles  external  communications 
or  internode data t r ans fe r s .  

Session  control  handles internal   comunxcat ions or intranode 
da ta   t r ans fe r s ,   pe r fo rms   i n i t i a l   rou t ing  t o  determine i f  it 
requires  the serv ices  ox t ranspor t   cont ro l  or i f  it should  handle 
the t r a n s i e r  itself, and in t e r f aces   w i th   t he   u se r   p rocess  t o  move 
messages t o  and trom other  processes (e.g., other  user  processes 
or  server  processes) . 

Server processes  provide  special   functions or services and 
are usual ly  associated with a par t icu lar   resource  or resource 
c lass .  D a t a  t r ans fe r  between sessions is t ransparent ,  which 
impl i e s   t ha t  session cont ro l  and  lower l e v e l s  ot the a rch i t ec tu re  
t ransmi t   the  data w i t h o u t  interpretat ion.   Session  control  and 
l o w e r  levels may add protocol  information i n  the form of heauer 
data,   but  they do not   analyze  or  a l t e r  data from a higher level. 

Presentation  services  are  primarily  concerned  with 
transformation of (Iata between a machine-and-language-dependent 
representat ion ana a machine-ana-language-indeFendent (o r  
standard)  representation. These serv ices  are described i n  detail 
i n  a l a te r  sec t ion  of this paper. 

W e  adopted  a l a y e r e d   a r c h i t e c t u r e  t o  i n s u l a t e   t h e   u s e r  from 
changes In  lower-level  functions  dna  communications  technoloqy. To 
m i n i m i z e  the e f f e c t s  of expansion  and  contraction of the network 
and changes in its topology, w e  adopted a three- leve l   he i ra rch ica l  
addressing scheme to name processes i n  t h e  network. The network 
is viewed as a four- level  he i r a rchy  consis t ing of (1) processes, 
which reside  on (2)  nodes, which are grouped i n t o  (3 )  c l u s t e r s ,  
which are in t e rconnec tea   t o  form t h e  ( 4 )  network. 

T h i s  i s  a conceptual framework and is not  intended t o  speciky 
the  physicai   in terconnect ion of the hardware making up t h e  
network. 

The name by which a process is known i n  the network is called 
its network Eame and consists (1) a c lus t e r  name, ident i fy ing  the 
c lus te r   conta in ing  the process, (2) a node name, ident i fy ing  the 
node containing the process,  and (3)  a process name, ident i fying 
the  process   within the node. 

T h i s  address ing   s t ruc ture  is analogous t o  a telephone number 
containing an area cme, an exchange code, and a f o u r - d i g i t  
subscr iher  code. An example o x  process   addressing  in  a three- 
cluster  network is shown i n   f i g u r e  8 .  

It is obvious that witnin the  node, a process name must be 
unique; within t5e  c lus t e r ,  the node name must be unique; and 
within the network, the c l u s t e r  name must be unique. I n  order 
tha t   spec ia l   p rocesses  can D e  contacted  without knowing t h e i r  
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s p e c i i i c  noaes or clusters, some process names are unique w i t h i n  
their  e n t i r e   c l u s t e r  or within the e n t i r e  network. Each process 
n m e  has a specified degree of uniqueness  indicated by its class. 
The process n a m e  c l a s s e s   a r e  (1) node class (the process R a m e  is 
unique w i t h i n  t h e  node) , (2) c l u s t e r  class (the process name is 
unique  within the c l u s t e r ) ,  anu (3)  network class (the process 
name is  unique  within the networK) . 

There is n u r e  d iscussion of process name classes and 
addressing processes in a later sec t ion  of t h i s  paper. 

Hardware Environment 

The communication subnet is a bus architecture network 
cons is t ing  of t w o  microprocessor-basea  network  adapters  connected 
by a standard  Coaxiai cdble trunk.  The network adapters   in te r face  
a host computer  channel with up t o   i o u r   t r u n k s  I Adapters   t ransfer  
data   over  any one trunk a t  a rate of 50 megabits per second. This 
data   ra te   can  be mdintalned i n  a 16-adapter  configuration with 
mdximum trunk l eng ths  of 7000 feet. Data rates decrease as the 
number of auapters  o r  cclble lengths  increase. 

This i s  a local ,high-speed network operat ing a t  channel 
rates. A s  a consequence, this network supports  communication w i t h  
per ipheral   devices  as w e l l  as other  CPUs. Our network is not  
configured t o  do this, and current ly   our   sof tware does not support  
this feature .  Our current  hardware configurat ion is  shown i n  
figure 5 and h c l u d e s  a CDC CYBLR 720 running NOS and a DLC VAX 
11/780 running VMb, These two systems are  connected by two 
Network Systems Corporation (NSC) network adapters  (Hyperchannels) 
anci a single coaxid  cable  trunk  (Hypertrunk) . 

Software mvironment 

The logical organizat ion 01 comunica t ions   a rch i tec ture  has 
been ciescribed already. Physical ly ,  the software i s  organized 
i n t o  two components. Network 110 services are par t  of the u s e r t s  
address space ana  execute when called by t h e   u s e r  a t  various 
tunc t iona l   en t ry   po in ts .  The communications con t ro l  program (CCP) 
occupies a separate  address  space and executes as a separate  
process,  asynchronous to the user's process . 

The network ;L/O services maintain t h e  u s e r   i n t e r f a c e   t o  
session control, the h ighes t  l a y e r  of t h e  a rch i t ec tu re  that  
concerns the softwdre. The network I/U services, i n  combination 
w i t h  the CCP, provide  comnunication  between processes within the 
network. As such, the primary services are those t h a t  allow  one 
process t o  send a ~nessage  and  another t o  receive it. The sending 
process is sometimes reierred t o  as the source  process and the 
receiving  process  cis tne   des t ina t ion   process ,  A process  sending a 
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message  must  be able t o  specify  the  dest inat ion.  A process 
wi l l i ng  t o  receive a message must be ab le  t o  spec i fy  which process 
or processes it w i l l  accept as sources.  For th i s   r ea son  a l l  
processes  wanting t o  conmunicate  over t h e  network  must  have .names 
tha t  are h o r n  t o  the network, The iorm of network names has  been 
discussed  under  architecture.  

A process  network name is associated with  the  process when it 
connects   to   the  netwoxk. Un t i l  a connect  operation is performed, 
the  process is not known t o  t h e  network  software  and  cannot  use 
any of the network f a c i l i t i e s .  A process  can  terminate its 
connection  with the network  software by a dissconnect  function. 

Once connected t o  the network sottware, the process may send 
and receive messages. These two opera t ions   a r e   t he  main purpose 
of the software. The remaining services (check, w a i t ,  and cancel) 
are merely  for the purpose of augmenting the   opera t ion  of senas 
a d  receives.  Send and receive  operat ions may be performed 
synchronously  (in which case the process is suspended u n t i l   t h e  
operation has  completed) o r  asynchronously  (in which case the 
process is allowed to  cont inue  with  other  work while the network 
software does the   operat ion)  . 

I n  the  procedure  descr ipt ions  in   the next  sect ion,   reference 
is made t o  incomple te   rques ts .  A request is an  operation 
requested by a process and is incomplete as long as the  network 
software xa inta ins  intormation on t h e  request. Synchronous 
requests  are generai ly  completed before the requesting  process is 
reac t iva ted ,  The only way &or a process  to complete  an  incomplete 
request  i s  t o  determine when t h e  network  software is ready t o  
complete the request  and, a t  t h a t  t i m e ,  r e i s sue  t h e  request,  
perhaps w i t h  d i f f e r e n t  parameters, The check  and  Walt operations 
cdn be usea to  ascertain  whether a request  is ready t o  complete, 
One or the  parameters i n   t h e  send ana receive  requests  determines 
whether the request is new or an  attempt t o  complete an old one, 
The cancel commdnd can be used a t  any t i m e  to  cancel  an  incomplete 
request  (or for that matter, t o  cancel a l l  incomplete requests a t  
once) - 

The one case i n  which d synchronous  operation  can be 
incomplete when cont ro l  is r e tu rned   t o  the process i s  when a 
process  asks t o  receive a message of length n  and a message of 
length m (in > n) is s e n t .  I n  t h i s  case t h e   f i r s t  n u n i t s  of t he  
message are delivered, the  process is react ivated,  and the request  
is incomplete, The process  can  then decide whether t o  r e i s sue   t he  
request  for the renainaer- of t h e  message or cancel   the   request .  

The remaining terms t o  be d i scussed   i n  this sec t ion   a r e  port 
number and time Gut. When a process  sends a message, it s p e c i f i e s  
both the  network name of the   des t ina t ion   process  and a port  
number. Conceptually, each por t  number represents  a po ten t i a l  l i n e  
of communication w i t h  the   des t ina t ion   process ,  and several 
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comrrmnications  can be c a r r i e d  on i n  p a r a l l e l  if they are addressed 
t o  s e p a r a t e   p a r t s .  The port  rmnber allows the rece iv ing   process  
to be selective about which messages it rece ives .  It may s p e c i f y  
t h a t  it is only w i l l i n g  t o  accept messages f r o m  a c e r t a i n   p r o c e s s  
or group or processes  by t h e  way it s p e c i f e s  the source  process  
network name, or it can  specify that it is only will ing t o  accep t  
messages sent to a s p e c i f i c   p o r t ,  o r  it can cornbine these 
s e l e c t i v e   c a p a b i l i t i e s .  

T u l e  ofit r e f e r s  t u  the s i t u a t i o n  i n  which a r eques t   has  n o t  
been s a t i s f i e d   w i t h i n  some time limit s p e c i f i e d  by t h e   r e q u e s t i n g  
process .  When t h i s  happens tiie r eques t  "times o u t ,   t h a t  is, the 
network  software  terminates  processing of t h e   r e q u e s t   a n d   e i t h e r  
completes t h e  request  (synchronous  requests) or marks the request 
as ready for  complet ion  (asynchonous  request)  - When the r eques t  
completes,   an  appropriate error code is r e tu rned  to t he   u se r .  

When c a l l e d ,  the network l /O  s e r v i c e s ,  i n  t h e  user 's  address ,  
package requests and pass them to  the CCP for service. Network 
control, t r a n s p o r t  control, and the remaining s e s s i o n  cantrol 
func t ions  are impemented i n   t h e  CCP. The o rgan iza t ion  of the CCP 
and its r e l a t i o n s h i p  to tne user   p rocesses ,  the node, and the 
comnunications Subnet are Shown i n  figure 10- 

Network Z/O l n t e r f  ace Procedures 

Connect t o  Network - 
T h i s  procedure   e s t ab l i shes  (1) the process  as a network  user 

and (2)  its network ndme. 

escnet (name, clclss, return  code)  

nme This  reters t o  t h e  r,anle by which  the  process is known 
w l t ' l i n  the  network. Only the   p rocess  name is s p c i f i e d  
by t h e  use r ;  the network software w i l l  fill i n   t h e  
c l u s t e r  lrnu n d e   k i e l u s -  The u s e r   c a n   r e q u e s t   t h a t   t h e  
netWoxK sortware also till i n  the process f i e l d   w i t h  a 
noae-unique name by leaving   tha t   j r ie ld  blank. 

c l a s s  R e f e r s  t o  one of network,   c luster .  or  node class. A 
process must  have s p e c i a l   p r i v i l e g e s   i n  oraer t o  specify 
c l u s t e r  or r le twork class. 

Disconnect From Network 

This procedure  removes tne  process  as a network user. The 
network will t e x m n a t e  m y  incomplete requests involving t h i s  
process ,  ds either source or des t lna t ion ,   w i th   app ropr i a t e  error 
nlessages . 
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esdnet   ( re turn code) 

Send a Messaqe 

This procedure  sends a message t o  a dest inat ion  process .  It 
the request  is synchronous, the  process   suspends  unt i l   the  network 
software i s  satisfied that the  dest inat ion  process  has received 
t h e  message cx u n t i l  an error ccndition is detected or u n t i l  the 
request  times out. When the   p rocess  is reac t iva ted  the request 
w i l l  have  been  completed. I f  the request  i s  asynchronous, it w i l l  
complete  only If the message can be de l ivered   inmedia te ly   ( i re r ,  
if t he re  is a receive pending for t he  message  and t h e  en t i re  
message can be delivered wi thout   fur ther   ac t ion  on t h e   p a r t  of t h e  
receiving  process) .  I f  the asyncnronous  send  request is not  
immeaiately s a t i s f i a b l e ,   t h e  network s o f t w a r e   e s t a l i s h e s  it as an 
incomplete request and re turns  an ident i fy ing  number t o  the 
c a l l i n g  proceiss. 

The above spec i f i e s   t he   t unc t ion  of the send  procedure i f  the 
id  parameter i s  0, ind ica t ing  a new request .  If the i d  is not 
zero,   then t h i s  is a reissued request for t h e  incomplete send 
i den t i f i ed  by t h a t  Id ,  in which case the network software checks 
the   cur ren t   s ta tus  of the  incomplete  request  and,  uepending on 
whether the incomplete  request is ready t o  complete and the 
reissued  send is synchrorlous or  asynchronous,  proceeds as 
spec i t ied  above. 

essenu (name, por t ,   un i t s ,   l ength ,  message, mode, i d ,  t i m e ,  
r e tu rn  code) 

name N a m e  s p e c i f i e s  t h e  dest inat ion  process .  The process 
f i e l d  must be the process name of the  dest inat ion 
process. The c l u s t e r  and node f i e lds  may contain names 
or the woru " locai"   or  blanks. The implicat ions of the 
various combinations  are: 

Cluster  N o  de 
blank blank 
"- 

nmlocalll 
name 
bl ank 

io  cal 
name 
bl anK 
local 
name 

Implications 
t h e  process name is network  unique 
no t  allowed 
not diowed 
s a n e  c i u s t e r  as sending  process 
process name is cluster   unique 
same node as  sending  process 
same c l u s t e r  as sending  process 
n m e  is cluster-unique 
not allowed 
completely  specified name 

T h e  send request  causes the a c t u a l   c l u s t e r  and node 
names or the receiving  process to be f i l l e d   i n  if t h e  
fields contain blhnks or the word  "locdl." 
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u n i t s  

length 

message 

mode 

i d  

ti me 

Port  is t h e  por t  number t h e  message is being  sent to, 
Unless the sender and rece iver  have agreed t o  some o the r  
por t  rmrtber by convention or negot ia t ion,  the standard 
sort number i s  1. 

The number of bits per message u n i t  

The length of the message in units- The nmnber of bi t s  
i n  a message is computed by length x un i t s .  

The message t o  ue s e n t  

synchronous o r  asynchronous 

Zero (0) implies this is d new request. If the send 
request has n u t  completed wnen send re turns ,  this 
parameter  contains the id of the incomplete request. 
Nonzero impl i e s   t ha t  this is  a re issued request ( a n  
at tempt t o  complete the incomplete  send request 
i d e n t i f i e d  by i d )  . 
The tune (irL seconas) before this request  should t ine 
out. I f  the requesc is n o t  satisfied within the 
speciiied t h e  l i m i t ,  the request  will t i m e  out. This 
parameter i s  ignorea on reissued  requests-  

Receive a Messaqe 

T h i s  procedure receives  a message from a source process. 
There a r e  three nudes ior receive  requests:  

synchronous Wait for the request  t o  be satisfied 
(or time out  01 error)  Defore  returning 
t o  usez process. 

asynchronous If the request 1s immediately satisfiable,  
perform it, otherwise e s t ab l i sh  it as 
an inconlpiete  request and re turn .  

condi t ional  li the request  is immeaiately  sat isf iable ,  
perform it. Otherwise return  without  doing 
anything. 

The reissued iorms of these requests  (id parameter nonzero) 
behave p r e t t y  n - u c h  11s t h e   i n i t i a l   r e q u e s t ,   e x c e p t   t h a t  they 
re ierence an incomplete  request.  Since reissued requests  
reference already established incomplete  requests, a re issued 
condi t ional  receive is i a e n t i c a i  t o  a reissued  asynchronous 
receive . 

Receives are unique i n  t h a t  they may be partially satisfied 
if t h e  message stnt is longer than the length   spec i f ied  i n  the 
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r e c e i v e .   I n   t h i s   e v e n t  ( for  a l l  three m o d e s ,  i n  both t h e  i n i t i a l  
and reissued request  cases), the  procedure aelivers the   por t ion  of 
t h e  message spec i f ied  by l eng th ,   e s t ab l i shes   t he   r eques t  as an 
incomplete  request (if it is  n o t  already), and r e t u r n s   t o   t h e  
ca l l ing   p rocess .  The process now has t h e  opt ion of using  reissued 
r e q u e s t ( s )   t o   p i c k  up the remainder of t h e  message or cancel l ing 
the request  - 
esrecu (name, pof t ,  units ,   length,  message,  node, ia, time, 

r e t u r n  code) 

name Name speclf  i e s  the  acceptable  source  processes. 'IAe 
f i e l d s  nay contain  valid  nmes,  blanks,  o r  t h e  word 
9 t l ~ ~ a i . a p  The implicat ions of the  various  combinations are: 

cluster node process meaning 

blank blank blank any process 

biank blank name any  process w i t h  specif ied 
process name 

name b l a n ~  blank any process   in   spec i f ied   c lus te r  

name blank name any  process in spec i fed   c lus te r  
w i t h  specited process name 

name name ulank any process on specited node 

n are narue  name completely  specified name 

useu i n  place of a c l u s t e r  name means "the 
cluster contdininy the   ca l l ing   p rocess  o n  

nLocal,"  sed i n  place of both the cluster and  node 
names, means "the node containing  the  call ing  process 

O t h e r  combinations are inva l id ,  The receive procedure 
replcrces blank and 1110calB9 fielas by the a c t u a l   c l u s t e r ,  
node,  and/or  process names of the source  process. 

po r t  The po r t  number a t  which a message w i l l  be received; it 
is a fu r the r  cons t ra in t  on acceptable messages. 
Speciiying a port numer ot 0 (zero)   indicates   the 
process will receive a t  any port. I n  this case, the 
actual  port number t o  which the message w a s  s e n t  is 
re turned by the receive procedure. 

units The number of bits per  message u n i t  

length The length ot the message i n   u n i t s ,  The number of bits 
i n  a message is computed by length x units. 
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message the received message 

mode synchronous,  asynchronous, or condi t ional  

id Zero (0) lrupiies that tnis is a new request. If this 
request  is es-lished as incomplete when the   receive 
proceauxe  returns,  the  receive  procedure  places t h e  i d  
or  the incomplete  xequest in this  parameter.  Ncnzero 
implies  t h a t   t h i s  is d re issued  request   (an  a t tempt  t o  
complete the incomplete receive reques t   i den t i f l ed  by 
i d )  . 

time The t i i r l e  i n  seconas berore this request  should t i m e  out.  
I f  the request i s  n o t  s a t i s r i e d   w i t h i n  the specif ied 
t m e  ihit, the  r c - u e s t  w i l l  time out .  (This  parameter 
i s  ignored on re issuea  requests . )  

eschek (id, re turn  code) 

i d  t h e  i d  ur dn incomplete  send or receive  request  

r e tu rn   i nd ica t e s  whether t he  specified  incomplete 
code  request 1s ready t o  complete 

Wait for a Request t o  Become keady to Complete 

T h i s  proceaure waits for a spec i f ied  requesc t o  be ready t o  
complete ana waits only  for a specified t i m e .  

eswait (id, tkile, r e t u r n  code) 

id Zero (0)  rnedns w a i t  for any incomplete  request to become 
ready t o  con,piete. l k  one does witnin the spec i f ied  
time limit, its; i d  is re tu rned   i n  this parameter, 

Nonzero medns wait t o r  the incomplete  request  identified 
by tnis ~d to become ready t o  complete. 

t i m e  It t n e  s p e c i r i m  incomplete request (or any if none was 
spec i i ied)  does not  become ready to complete  within 
tLis time limit, stop waiting. 

r e tu rn  ind ica tes  whether wait  was successful  or timed  out 
coae 
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Cancel a R e q u e s t  

This procedure  cancels an incomplete  request, 

escncl  (id, r e tu rn  code) 

i d  Refers to id of the  incomplete  request that is t o  be 
cancelled.  It id is zero, a l l  incomplete requests 
issueu by t h i s   p r o c e s s  are cancelled.  

DATA SRANSFOKMATION 

Data transformation is the   t r ans l a t ion  of data values from 
one  represerAation t o  another. In a heterogeneous  environment 
such as t he  I P U  local network, data transiormation i s  necessary 
for accurate communication of data values,  The following  sections 
discuss  the need &or clata transiormation, t h e  nature  of t h e  data 
transtormation problem, the general  approach t o  a solution  adopted 
on t h e  IPAL, project, and the   spec i f  1c IPAD software  aeveloped t o  
handle data uansf   ormations . 

Inkormation Trmsfer i n  a Heterogeneous Network 

I n  an  integrated  system,  various parts of a problem are 
worked on by di f te ren t   p rocesses  t h a t  m u s t  coordinate their  
a c t i v i t y .  (A process i s  the execution of a program,)  This 
coordination  usually  involves  information  (such as the IPAD data  
base) t h a t  is avai lab le  to a l l  of the processes and manipulated by 
many of t h e m .  In addi t ion,  some information is transf errecl 
between concurrently  executing  processes .) This ac t ive   t r ans fe r  of 
information is represented by the interprocess   comunicat ion 
(network) soi tware i n  IPAD. 

Transfer of information  between  processes  in  the IPAD sys t em,  
whether  through the diata base or in te rprocess  communication, is 
complicated by the heterogeneous  nature of IPAD. The IPAD loca l  
network  interconnects a va r i e ty  of computers,  While t h e  IPAD 
s y s t e m  sottware is implemented i n  one  language,  the  user  programs 
being integrated Lnto IPAD are not  constrained t o  this language. 
Thus, a process   that   produces a given data value may be 
implemented i n  a a i t f e r e n t  language ana may run on a d i f f e r e n t  
machine than  one that needs t o  access tha t   va lue .  

The representdt ion of a given data value or  group of data  
values w i l l  vary f r o m  machine t o  machlne. Lven on a given machine 
di i ferent   compilers   choose  di t ferent  ways to represent  a given 
data  value.  I f  IPAD software is t o  guarantee t h a t  a data value 
produced by one  process is correctly  presented t o  processes 
needing t o  access that value, IPAD software must perform 
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t r a n s l a t i o n   b e t w e e n   t h e   r e p r e s e n t a t i o n   u s e d   b y   t h e   c r e a t i n g  
process a n d   t h e   v a r i o u s   r e p r e s e n t a t i o n s   e x p e c t e d   b y   t h e  
r e f e r e n c i n g   p r o c e s s e s .  

T h e   u n a c c e p t a b l e   a l t e r n a t i v e  is t h a t  a l l  p r o g r a m s   a g r e e   o n  
some m a c h i n e - i n d e p e n d e n t   r e p r e s e n t a t i o n   o f   d a t a   v a l u e s  t o  b e  
t r a n s f e r r e d   b e t w e e n  processes. S i n c e   t h i s   r e p r e s e n t a t i o n   w o u l d   b e  
i n c o m p a t i b l e   w i t h   t h e   m a c h i n e s '   i n s t r u c t i o n  sets ( o r  a t  l e a s t  most 
o f   t h e m ) ,   m a n i p u l a t i o n   o f   t h e s e   v a l u e s   w o u l d   h a v e  t o  be s o f t w a r e -  
i m p l e m e n t e d   a n d   i n e f f i c i e n t .  An example   wou ld ,be   compar ing  two 
i n t e g e r s   r e c e i v e d   f r o m   a n o t h e r  process i n   t h e   s t a n d a r d   f o r m .   T h i s  
compar ison   would   have  t o  be   handled   by  a s u b r o u t i n e  c a l l  i n s t e a d  
o f   b y   u s i n g  a simple c o m p a r i s o n   e x p r e s s i o n ,   b e c a u s e   t h e   e x p r e s s i o n  
e v a l u a t i o n   w o u l d  u s e  m a c h i n e   i n s t r u c t i o n s ,   w h i c h  expect t h e  
i n t e g e r s  to  be i n   m a c h i n e   f o r m a t .  

V a r i a t i o n   i n  Data R e p r e s e n t a t i o n  

Most m a c h i n e s   a n d   c o m p i l e r s   d i s t i n g u i s h   b e t w e e n   t h e   b a s i c  
da t a  t y p e s - - i n t e g e r ,   f l o a t i n g   p o i n t ,   c h a r a c t e r ,   a n d   l o g i c a l - - a n d  
allow the   p rog rammer  t o  access a n d   m a n i p u l a t e   t h e s e   t y p e s  
i n d i v i d u a l l y  or i n   a r r a y s   a n d  records.  Data t r a n s f o r m a t i o n  
s o f t w a r e  is c o n c e r n e d   w i t h   t r a n s l a t i n g  d a t a  v a l u e s   o f   t h e s e   t y p e s  
b e t w e e n   t h e   r e p r e s e n t a t i o n s   o f   e a c h   o f   t h e   m a c h i n e   a n d   c o m p i l e r  
c o m b i n a t i o n s .   T h e   f o l l o w i n g   p a r a g r a p h s  d i s c u s s  t h e   w a y s   i n   w h i c h  
t h e s e   r e p r e s e n t a t i o n s   v a r y .  

I n t e g e r   v a l u e s  are  u s u a l l y  stored a s  b inary   numbers .   The  
n u m b e r   o f   b i t s  u s e d  is a f u n c t i o n  of t h e  word s i z e   o f   t h e   m a c h i n e .  
Some m a c h i n e   a r c h i t e c t u r e s  allow f o r  more t h a n   o n e   s i z e   o f   b i n a r y  
i n t e g e r .   T h e   m a i n   v a r i a t i o n   o t h e r   t h a n   t h e   n u m b e r   o f  b i t s  is  t h e  
method of r e p r e s e n t i n g   n e g a t i v e   i n t e g e r s .   T h e  most p r e v a l e n t  
methods  a re  ones  complement   and twos complement .  

F l o a t i n g   p o i n t  ( " r e a l " )  v a l u e s  are  g e n e r a l l y   o f   t h e   f o r m  
m x be ,   where  m is a s i g n e d   i n t e g e r  o r  f r a c t i o n ,  e is a s i g n e d  
i n t e g e r ,   a n d  b is  t h e  base. T h e   r e p r e s e n t a t i o n   i n v o l v e s   a n  
e n c o d i n g   f o r  e and  m. The base is u n d e r s t o o d ,   a l t h o u g h   t h e   v a l u e  
o f   t h e   u n d e r s t o o d   b a s e  may v a r y   b e t w e e n   m a c h i n e   a r c h i t e c t u r e s .  
Bases o f  2 and 1 6  are  common. T h e   r e p r e s e n t a t i o n s   o f   t h e   e x p o n e n t  
e v a r y   b o t h   i n   t h e   n u m b e r   o f  b i t s  a n d   i n   t h e   m e t h o d   o f  
r e p r e s e n t i n g   t h e   s i g n e d   v a l u e   o f  e. G e n e r a l l y   t h e   m e t h o d   o f  
r e p r e s e n t i n g  e is i n d e p e n d e n t   o f   t h e   m e t h o d   c h o s e n   f o r  
r e p r e s e n t i n g   i n t e g e r   v a l u e s   o n   t h e  same mach ine   and   has   been  
s e l e c t e d   i n   c o n j u n c t i o n   w i t h   t h e   d e s i g n   o f   t h e   f l o a t i n g  p o i n t  
ha rdware .  On some machines  m is  a n   i n t e g e r   v a l u e ,   o n   o t h e r s  i t  is 
a f r a c t i o n .  T h e  method f o r   r e p r e s e n t i n g   n e g a t i v e   v a l u e s   f o r  m 
a l so  v a r i e s   b e t w e e n   m a c h i n e s   a n d   n e e d   n o t  be c o n s i s t e n t   w i t h  
r e p r e s e n t a t i o n   o f   n e g a t i v e   i n t e g e r s .   F i n a l l y ,   t h e   n u m b e r   o f  b i t s  
used  t o  r e p r e s e n t  m v a r i e s   b e t w e e n   m a c h i n e s ,   w i t h   t h e  t o t a l  number 
o f   b i t s   f o r  m and e b e i n g  a f u n c t i o n   o f   t h e   m a c h i n e s  word s i z e .  
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Most m a c h i n e   a r c h i t e c t u r e s  allow f o r  more t h a n   o n e   s i z e   o f  
f l o a t i n g   p o i n t   v a l u e .  

The   p r imary   encod ing  for c h a r a c t e r s  is A S C I I .  M a c h i n e s   t h a t  
h a v e  adopted t h i s   r e p r e s e n t a t i o n   u s u a l l y   u s e   e i g h t  b i t s  t o  encode  
a c h a r a c t e r .  CDC r e p r e s e n t a t i o n  i s  c a l l e d   d i s p l a y   c o d e   a n d  u s e s  
s i x  b i t s  per c h a r a c t e r .  IBM u s e s  EBCDIC,  which  is a n   e i g h t - b i t  
e n c o d i n g   t h a t   d i f f e r s   m a r k e d l y  from A S C I I .  T h e r e  is  no  simple 
t r a n s f o r m a t i o n   t h a t  maps a n y   o n e  of t h e s e   e n c o d i n g s   i n t o   t h e  
o t h e r .  

Logical ( B o o l e a n )   v a l u e s  are  p e r h a p s   t h e  simplest i n   t h a t   t h e  
o n l y  poss ib i l i t i e s  are t r u e   a n d   f a l s e .  One b i t  is a d e q u a t e  t o  
r e p r e s e n t  a l o g i c a l   v a l u e .   T h e   r e p r e s e n t a t i o n   o f   l o g i c a l   v a l u e s  
is u s u a l l y   c o m p i l e r - d e p e n d e n t   r a t h e r   t h a n   m a c h i n e - a r c h i t e c t u r e -  
d e p e n d e n t .   V a r i a t i o n s   i n c l u d e   p o s i t i o n i n g  of t h e   l o g i c a l   v a l u e  
w i t h i n   t h e   m a c h i n e  word, t h e  number  of b i t s  used t o  r e p r e s e n t   t h e  
v a l u e ,   a n d  how t r u e  a n d   f a l s e  a r e  r e p r e s e n t e d   ( u s u a l l y  a q u e s t i o n  
o n l y   i f  more t h a n   o n e  b i t  is u s e d ) .  

Record a n d   a r r a y   s t r u c t u r e s   v a r y  d u e  t o  word s i z e s   a n d  
a l i g n m e n t   r e q u i r e m e n t s   o n   d i f f e r e n t   m a c h i n e s .  Compilers u s u a l l y  
a l low (o r  m a k e )   d i f f e r e n t   c h o i c e s  as  t o  how B o o l e a n   a n d   c h a r a c t e r  
v a l u e s  a re  t o  be packed w i t h i n  addressable memory u n i t s .  

I n   g e n e r a l ,   t h e r e  are  few similarities between  machine 
r e p e s e n t a t i o n s .   T r a n s f o r m a t i o n  t o  ( f r o m )  a h o s t   m a c h i n e ' s  
r e p r e s e n t a t i o n   f r o m  ( t o )  a f o r e i g n   r e p r e s e n t a t i o n   i n v a r i a b l y  
r e q u i r e s   t r e a t i n g   t h e   f o r e i g n   r e p r e s e n t a t i o n  as a b i t  s t r i n g   a n d  
d i s a s s e m b l i n g   ( a s s e m b l i n g )   t h a t   r e p r e s e n t a t i o n  a t  t h e  b i t  l e v e l .  

N e t w o r k   S t a n d a r d   R e p r e s e n t a t i o n  

One o f   t h e  ea r l ies t  d e c i s i o n s   c o n c e r n i n g  d a t a  t r a n s f o r m a t i o n  
i n  I P A D  was t h a t  e v e r y   t r a n s f o r m a t i o n   b e t w e e n   m a c h i n e  
r e p e s e n t a t i o n s   w o u l d  be p e r f o r m e d  as  a two-step process. The da t a  
is f i r s t   t r a n s l a t e d   f r o m   t h e  source m a c h i n e   r e p r e s e n t a t i o n   i n t o   a n  
i n t e r m e d i a t e   f o r m  ca l led  n e t w o r k   s t a n d a r d   r e p r e s e n t a t i o n  ( N S R ) .  
T h i s   t r a n s f o r m a t i o n  is p e r f o r m e d   o n   t h e  source machine .  The data  
i s  t h e n   t r a n s l a t e d  on t h e   d e s t i n a t i o n  machine from NSR t o  
t h e  d e s t i n a t i o n   m a c h i n e   r e p r e s e n t a t i o n .  The a l t e r n a t i v e ,  
t r a n s l a t i n g  da t a  d i r e c t l y   b e t w e e n   s o u r c e   m a c h i n e   r e p r e s e n t a t i o n  
a n d   d e s t i n a t i o n   m a c h i n e   r e p r e s e n t - a t i o n ,   w o u l d   r e q u i r e  t w o  sets o f  
t r a n s f o r m a t i o n   r o u t i n e s   f o r   e a c h  of t h e   n ( n - 1 )  pa i r s  o f  
r e p r e s e n t a t i o n s   i n  a n e t w o r k   w i t h  n mach ine   t ypes .   Add ing   an  
n + l s t   m a c h i n e   t y p e   w o u l d   r e q u i r e   w r i t i n g   2 n  new sets of  
t r a n s f o r m a t i o n   r o u t i n e s .   I f   a n   i n t e r m e d i a t e   r e p r e s e n t a t i o n  is 
u s e d ,  o n l y  2n sets o f   t r a n s f o r m a t i o n   r o u t i n e s  are r e q u i r e d   f o r  a l l  
t r a n s f o r m a t i o n s ,   a n d   a d d i n g   a n   n + l s t   m a c h i n e   t y p e   o n l y   r e q u i r e s  
w r i t i n g  t w o  new sets o f   t r a n s f o r m a t i o n   r o u t i n e s ,   o n e  s e t  
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for t r a n s i a t i n g  f r o m  t h e  n e w  machine  representat ion t o  NSR and  one 
set for t r a n s l a t u i s  krom NSR to the new machine  representat ion.  

Having settled on a s t a n d a r d   r e p r e s e n t a t i o n ,   t h e   n e x t  
a e c i s i o n  w d s  on the form of t h i s  s tandard .  Arguments can be made 
aga ins t   u s ing   one  of trre machine  representat ions as a s tandard ,  
and this is a tempting  choice if one ok t h e  machine types plays a 
c e n t r a l  role i n  the current   network  configurat ion.  The s t r o n g e s t  
argument is the loss  of i n fo rma t ion   t ha t  could r e s u l t   i n  
t r ans l a t ing   t h rough  such an N S K ,  A value t h a t  is r e p r e s e n t a b l e   i n  
both the source ana des t ina t ion   machme   r ep resen ta t ions  may not be 
r ep resen tab le  irr the  chosen  standara.   There i s  no one  machine 
r e p r e s e n t a t i o n   t h a t  is a s u p e r s e t  of all t h e   o t h e r s  i n  terms of 
reFresentable   values .   S 'urf ic iency,   then,  is a reqirement  which 
must be m e t  by t h e  NSH,  Any va lue   r ep resen tab le  on one of t h e  
machines i n  the network  must be r ep resen tab le  i n  the   s t anda rd ,  
Two o t h e r  desirable c h a r a c t e r i s t i c s  of an  NSR are compactness and 
edse ot conversion t o  and from the   chosen   r ep resen ta t ion .  

The NSR designed for I P A D  has   var iable- length  integer   and 
r e a l   r e p r e s e n t u t i o n s ,  w h i c h  p rov ides   mth   fo r   compac tness   ( s ince  
it need only have enough b i t s  tor t h e  uesired prec i s ion )  and for  
su f f i c i ency   ( s ince  it can have &s many bits as necessary t o  
achieve the p r e c i s i o n  oi future.  machines  added to the network). 
Cnaracter   values  are represented  in eight-bit ASCII. T h i s  was 
chosen for t h e  sake oi sufkiciency - There w a s  no  choice   tha t  
would p m v i a e  for e s e  ot t ranstormation  between  the  var ious 
cha rac t e r   r epcesen td t ions .   Log ica lva lues   a r e   r ep resen ted  by a 
s i n g l e  bit L o r  the sake of compactness.  The NSR r ep resen ta t ion  of 
each of the   bas ic   dd ta   types  is g i v e n   i n   t h e   f o l l o w i n g   t e x t .  

BASIC DATA TYPES 

The basic aata types are real, In t ege r ,   cha rac t e r ,  anci l o g i c a l ,  
In S R  (standard  representation),  each of these is parameterized. 
Data  types,  representations,  and  parameters  are  presented  below. 

c h a r a c t e r i s t i c s :  

used t o  r e p r e s e n t   i n t e q e r   v a l u e s   i n   t h e   r a n g e  -2 P < i < 2 P 

parameters : 

P 

r ep resen ta t ion :  
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SR tor  in tegers  uses ones complement binary  notation. The 
al l -ones b i t  pattern (-0 on some machines) is not  used i n  SR. 

size: 

P + 1 bits 

c h a r a c t e r i s t i c s  : 

U s e d  t o  approximate real values. The ac tua l   va lues  
represented are a p bit t r a c t i o n   i n   t h e   r a n g e  - 5  5 €< 1, a 
s ign,  and an  lnteger   exponent   in   the  range -2q< e < Z q .  A 
value of zero is the only  value tor which f < - 5 ,  

parameters: 

9 
P 

representat ion:  

The exponent is represented by usmg  ones complement binary 
notation. The sign (of the   f r ac t ion )  is represented by one D i t  
(O=+, 1 = - ) ,  and tne f r ac t ion  f is represented by p bits. Except 
f o r  a value ot f=O, the f i r s t  f rac t ion  bit is always 1 ( f  i s  a 
normalized frdctior!) . The value of zero is represented by a l l  
b i t s  ot the SR equal to zero. 

s i z e :  

e q+1 bits 
s i g n  1 bit 
f p bits 

Loqical 

cha rac t e r i s r i c s  : 

used t o   r ep resen t   t rue / f a l se   va lues  

parameters : 

R the number 01 true false values representea 

representat ion:  

one b i t  pe r  value 

0 = false 



1 = t r u e  

s i z e :  

n bits 

Character 

characteristlcs : 

used t o  represent  character information 

parameters: 

n the number of characters 

representat ion:  

8-bit  A S C I I  is used t o  encode characters 

size: 

8n t i t s  

Bit 

characteristics: 

- 

used t o  pass iritornution without t r a n s l a t i o n  

parameters: 

n numDer of bits 

representation: 

bits are  copied  directly  fron MR (machine  representation) 
into SR and  from SR into MR 

size: 

n  bits 

Recoras, Lescr iptors ,  and Field Modes 

While there are data t ransiormation  rout ines  t h a t  t r a n s l a t e  
individual  data itens, most transformations  are  performed  on 
records containing several data i tens of possibly different  types. 
A machine record is d set of ddta i n  some machine-dependent 
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representat ion.  A standard record is a set of data i n  t h e  machine- 
independent NSR - 

In   o rde r  t o  perform a t rans la t ion ,  it is necessary t o  know 
(1) the loca t ion  of the  source and target records, ( 2 )  what data  
types   the  records contain,  and (3) t h e i r  actual or intended 
representat ion (iL tnat data type allows choices) . This 
descr ip t ion  of a record*s contents  is contained  in  any a r ray  of 
integers   ana i s  called a recora  descr iptor .  

Sending a message from a process on machine A t o  a process on 
machine B would usual ly   require  the following  steps: 

1. The or iginat ing  process  would pass the message and a record 
descr iptor   to   the  data   t . ranskormation software, which would 
r e t u r n  the messdge i n  a standard  record.  

2. The originating  process would then  send this standard  record 
t o  the  dest inat ion  process ,   us ing  the network 1/0 rout ines .  

3.  The dest indt lon  process  would use  the  network 1/0 r o u t i n e s   t o  
receive t h e  standard  recora  ana would then pass   the  s tandard 
record ana a record descriptor  to  the  data  transLormdtion 
soitware, which would. re turn  a machine record  containing  the 
message i n  machlrie representa t ion   to r  machine B. 

A t  shoula be n o t e a   t h a t ,   i n   t h i s  example,  both  processes 
needed t o  know i n  a d v a c e  the appropriate   record  descr iptor ,  i.e. 
the   des t ina t ion   process  had t o  m o w  the format ot the  message. It 
is reasonaDle t h a t ,   i n  some appl icat ions,   the  t w o  processes would 
have a protocol  for  passing the record   descr ip tor   as   par t  o r  the 
standard record. If such a protocol  w e r e  used,  the  destination 
process would t ranslate  the  descr iptor  first and  then  t ranslate  
t h e  rest of the record using this descr ip tor .  The data 
transformation sottware allows such   t rans la t ion  of p a r t i a l  
records.  

A record   descr ip tor   conta ins ,   for  each f ie ld  i n  a record, a 
f i e l d  aescr iptor   specifying the  f i e id   t ype ,  any  parameters 
associated with tne  Irlachine, and s tandard  representat ions of that 
f i e l d .  To a la rge   ex ten t ,  a record descr iptor  is machine- 
independent,   except  thdt it is i t s e l f   i n  a machine representat ion 
and that the parameters  associated  with  the machine 
representat ions of a g iven   f i e ld  may vary from machine t o  machine. 
Usually,  machine  represaltation  parameters  can be chosen so that  
one record descr lp tor   de t ines  both t h e  standard and  machine 
representat ion on both the source  and  destination  machines. TO 
prevent the descr ip tor  from being  excessively  large,   there  i s  a 
r e p e a t   f i e l d   d e s c r l p t o r  tha t  ind ica tes  when a given  f ie ld   or  set 
of f i e l d s  i s  repedtea.  A record  containing 100 (or 1000) redl 
values   requires   only tour f i e ld   desc r ip to r s .  
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111 ea r ly   u se  of t h e  da ta   t ransformat ion   sof tware ,  it w a s  
discovered t h a t  it i.s occas iona l ly  desirable for c e r t a i n  fields t o  
be e x t r a c t e d  from the machine  (stanuard) record and t r a n s l a t e d  t o  
form a smaller  stanuard  (machine) record. The reverse process  of 
breaking a record ulp and   i n se r t ing  it p iecewise   i n to  a l a r g e r  
record clur ing  t ranslat ion i s  equa l ly  desirable, 

The da t a   t r ans fo rma t ion   rou t ines  view the record d e s c r i p t o r  
as a d e s c r i p t i o n  or a g e n e r a l  record, c e r t a i n   f i e l d s  of which may 
be missing from either the source or t a r g e t  record. Fie ld  masks 
a r e   r e q u i r e a   f o r  both the machine ana  s tandard records to s p e c i f y  
which tields a r e   p r e s e n t   i n  those records. If  n o  e x t r a c t i o n  or 
i n s e r t i o n  i s  to be pertormed, both field masks would indicate t h a t  
a l l   f i e l d s  are present .  

~ ~ C O L U S ,  recola d e s c r i p t o r s ,   a n a   f i e l d  masks are the main 
e n t i t i e s   i n v o l v e d  i n  d B t a  t ransformation.  A record d e s c r i p t o r  
and t w o  t ield masks provide the da ta   t r ans fo rma t ion   rou t ines  w i t h  
a l l  of the inforrnation  necessdry t o  completely determine the 
representa t ior i  ot given s e t  of va lues   in   e i ther   machine  or  
standard r ep resen ta t ion  . This information and a machine 
(s tdndard)  reccxd perpit  the c r e a t i o n  ot t h e  selecteb f ie lds  oi 
the corresponding  standard (machine) record . 

Data mansf ormation  Software 

T n i s  s e c t i o n   i n c l u d e s   a e i i n i t i o n s  of data t ransformat ion  
t e r m s  and a e s c r i p t i o n s  of: the ind iv idua i   da t a   t r ans fo rma t ion  
routines. 

Definitiocs .- Data  transformation terms used i n  this paper are 
def ined  below. 

- Standard  representat ion (SR) : A machine-independent  methd of 
encoding intarmation when messages iire sent between  machines i n  
the network 

SR fecorci: A b i t  s t r ing  contai l i ing  one or more items of 
ir?for;nation encociea i n  SK (may uegin  and  end on any b i t  boundary) 

Mdchint: r ep resen td t lon  ( M R )  : The machine- and compiler-ciependent 
encoding of information;  d i t fe rs  fo r  each rnachlne a rch i t ec tu re   and  
compiler 

.Y.R record: Group of iniormatim encoded i n  MR. Each i t e m  i n  an 
rn record i s  on an apprcipridte  boundary for that  type  of item on 
that machine. records begin  and end an machine-addressable 
h w d a  r i e  s . 
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Record descr iptor :  A spec i t i ca t ion  of the contents of a record. 
For a given  sequence of values,  the record descr iptor   uniquely 
determines both  the SR recora format and t h e  MFt record format for 
tnat  set of vdlues. fiecord descr ip tors  are used t o  guide 
t r ans l a t ion  between MR records and SR records. 

Field mask: A specification of the presence or  absence of f i e l d s  
i n  an MR or  SK record, permitt ing  data  transformation  routines t o  
e x t r a c t  d set of f i e l d s  from, or i n s e r t  a set of f i e l d s   i n t o ,  a 
record 

SH rout ines:  A set of rout ines   (subset  ot IPSR)  f o r   t r a n s l a t i n g  
between MJ2 and SK,  grourpd  under t h e  following headings: 

Record t r ans l a t ion   rou t ines  
I t e m  t rans la t ion   rou t ines  

SR map :  k spec i t i ca t ion  of the beginning b i t   p o s i t i o n s  and b i t  
lengths  of the fields irL  an SR record 

MR map: A spec i f i ca t ion  of the beginning word posi t ion and length 
in words ot t h e  f i e l d s  i n  a n  MR record 

Module Specification,-   Since MKS are both machine- and corrpiler- 
dependent, most oi the naodules b e l o w  ex i s t   i n   mu l t ip l e   ve r s ions .  
The names of the modules include d let ter t o  ind ica t e  ( 1 )  which MK 
the rout ines  are designed tor and ( 2 )  which language  they are 
aesignea to be callea trorn. This posi t ion i n  t he  module name is 
indicated by a smli x i n  the tdlowing  documentation. The ac tua l  
replacement tor this x would be: 

X - Callinq Lanquaqe - MR 

P PASCkL PASCAL 

F FORTRAN FORTRAN 

X PASCAL FORTRAN 

The module nalites a re   g iven  & l o w  with their descr ip t ive  
t i t l e s  - These ' rout ines   require  the b i t  manipulation  routines. 

Record-oriented  routines: 

E S Z m  t r a n s l a t e  SK record   in to  Pa record 

ESZxSX trclnslate record  into SR record 

ESZXSM produce SK ruap f r o m  record desc r ip to r  and field mask 
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ESZx" produce p a  xrmp from record  descriptor and f i e l d  mask 

Item-oriented  routines: 

ESLxSI Translate  integer  value from MR to SR 

ESZxSR Translate real  value trom I493 t o  SR 

LSZXSC Transldte  cnaracters from MR t o  SR 

ESZxSL "rdnslate  logical  values trom MR t o  SR 

ESZXMI Translace  integer  value irom SR t o  M R  

LSZxMR Translate real value from SR t o  MR 

ES ZxMC Translate characters from SR t o  MR 

ES %xEIL Translate  logical  values from SR t o  MR 

5SZxSb Provide b l t  length of SR for a specified  type 

LSZXYJ Provide  alignment anci size for specified P! t y p  

Record-oriented routines (module description): 

ES ZXMX : Translate &roan standard record to machine record 

Inputs  : standara  record 
record  descriptor 
f ie ld  masK for standard  record 
xield mask for machine record 

Outputs : machine record 
l e n g t n  of standard  record  processed ( i n  bits) 
return coue 

ESZxSX: Translate 2rom nachine  record to  standard  record 

lnputs: ntacnine recora 
record  aescriptor 
field mask for machine record 
r i e l a  mask for  standard  record 

Outputs: staxldara recora 
length of stanuard record produced (in bits) 
return code 
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ES ZxMM : 

Inputs : 

Outputs : 

LSZxSM: 

Lnputs: 

outputs: 

Produce an Mk map 

record  descriptor 
f i e l d  mask for machine record 
m o d e  flag 

MR map ( i f  rmde flag=O) 
lergth of: nlachine recurd ( in memory  uni ts )  

Produce an SR n a p  

record descriptor 
f i e l d  mask for standard  record 
mode flay 

SH map (ir mode flag=()) 
length ox standara  record (in b i t s )  

” Iten!-oriented  routines (module description)  : 

ESZxSI : 

Inputs: 

Outputs : 

ESZxMI : 

Inputs : 

outputs : 

ESZxSR: 

Inputs  : 

Translate  integer f r o m  MR to S K  

b i t s  of precis ion  in  M R  value 
integer in M k  
b i t s  oi precision i n  SI( value 

integer in SA 
lenyth ot SR (in bi t s )  
L eturn code 

Translate integer f r o m  SR t o  MR 

bits of precision i n  MR value 
integer   in  SK 
bits or precis ion in SiIc value 

integer m SR 
l e n g t h  of SK (in b i t s )  
return coae 

T r a n s l a t e  real  from MIi to SK 

MR precision (in b i t s )  
r e a l  in M K  
Si3 exponent p r e c i s i o n  (in bits) 
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SR f r i c t i o n  precision ( i n  bits) 

Outputs: real i n  SI( 
l ength  of Sk ( in   b i t s )  
r e t u r n  cwe 

ESZxMK: Trans la t e   r ea l  from SR to MH 

Inputs :  MR prec is ion  (m bits) 
real  in SR 
S R  exponent p rec i s ion ( in  bits) 
SR f r ac t ion   p rec i s ion  ( in  b i t s )  

O u t p t s :  r e a l  i n  ??A 
l e n y t h  ot S R  ( i n  bits) 
returxl  code 

ESZxSC: Translate   characters  irom MR to SR 

Inpu t s  : moue, selects i r o n 1  possible  machine representat ions 
characters  i n  m 
number or characters  

Wtputs :   charac te rs  i n  SR 
length ot SK ( in  Dits) 
r e t u r n  code 

&ZPxMC: Translate characters  from SK to MR 

Inputs: mode, s e l e c t s  from possible machine representat ion 
charac te rs  i n  SR 
number of characters  

Outputs:  characters in MK 
length ~i Sk (in b i t s )  
r e tu rn  coCe 

ESZPxSL: Translate  iogical values  from MK t o  SR 

Ir,puts : mode, selects from possible machine representat ions 
l o g i c a l  values i n  Mi% 
E w e r  oi log ica l   va lues  

Outputs: logical vdlues i n  SK 
1 eng th of St (in b i t s )  
return code 

LSZPxYL: Translate loyical values from SR t o  MR 

h p u t s  : Mode, selects trorn possible machine representat ions 
l o y i c a l  values UI SH 
n m e r  or loy ica l  va iues  
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Outpu t s :   l og ica l   va lues   i n  
l eng th  of sk (in bits) 
r e t u r n  code 

ESZxMD: Proviae  intormation  about MR f o r  i t e m  

Inputs :  type of i t e r n  
modif ier ,  selects from poss ib l e  machine r ep resen ta t ions  
n, number oi values  for charac te r  or logical types  

Transput:   index  into  record (ESZxMD a l igns  it) 

Output: s i z e  or MH ( i n  memory units) 

ESZxSL): Provide  iuformation  about S R  f o r  item 

Input:   type of i t e r n  
P1 ,P2 = parameters   for   type 

Outputs: s i z e  of SR ( i n  b i t s )  

lNSTRUMElNYATiON AND PLRFORMANCE MEASUREMENT 

Overview 

A performance  data-gatherirlg f a c i l i t y  is provided so t h a t  
I P A D  and the h o s t  computer it runs on can be instrumented t o  
collect  performance  data. When reduced, t h i s  performance data can 
be used t o  answer c r i t i c a l  pertormance  questions  such as: 

What is IPm's response time or ,  a l t e r n a t i v e l y ,  how f a s t  does 
IPki, r un  on t h i s  p a r t i c u l a r  host computer  system? 

Why does IPkc execute the way it does  on t h i s  host? 

What has  t o  be done t o  change t h e  way IPAD executes? 

A two-part   data-gather ing  faci l i ty  is provided, One p a r t  
c o l l e c t s  IPAD-related performance data t h a t  is used  to: 

1, Provide program aiagnostic trace information 

2- Iden t i fy  cunlpunent usage and system  bottlenecks 

3. Optimize the in t e rna l   des ign  ot IPAD components 

4. Relate a component's  use ot host system  resources to i t s  
oFeration 

5 .  Provide response times 
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The o the r   pa r t  of the data-gather ing  faci l i ty   operates  
inaependently t o  collect hos t  sys t em execution data tha t  provides 
a measure oi the 1PA.D host sys t emns   ab i l i t y  to  process   the IPAD 
workload . 

These data-yatheruq elements  generate streams of performance 
measurement chta, which are recorded for later ana lys i s -  

F ina l ly ,  collected IPAD pertornance  data  containing  execution 
traces, component i n t e r n a l  data, host system  resource  usage data, 
and host  system  kxecution aata are reduced  and  performance reprts 
are  generated.  Reduction can b~ performed on any host.  

IPAD's  Use of D a t a  Gathering 

I P A D  uses the d a t a - g a t h e r i n g   f a c i l i t y  ( I D G S )  to enable IPAD 
dnd application  programs t o  determine  their   resource  usage and 
performance-  These uses are  described i n   t h e  following 
subsections . 

Evaluation  of  System  Response and Performance.- IPAD  designers 
use the IWS trace f a c i l i t y  as a d i agnos t i c   t oo l  t o  t r ack  a 
transaction's  progress  through IPAD. This f e a t u r e  i s  p a r t i c u l a r l y  
usefu l  wnen m u l t i p l e   t r a s a c t i o n s  are being processed by the  IPAD 
r e l a t i o n a l  u t a  base  system,  After  separate  processing, a printed 
record of each  transactionus  proqress  through the various IPkD 
components i s  p rducea .  I f  t i le  recording of: t i m e  has been 
requested, the amourit of time a t ransac t ion   spends   in  each 
component can be deternnned . T h i s  enables processing  bottlenecks 
t o  be i d e n t i f i e d  so Lhdt remedial  development  and  optimization 
actions  can be taken. Also, t h e   e f f e c t  of a p a r t i c u l a r  module's 
uesign on IPAD's u v e r a l i  performance  can be evaluated. 

A component's trace and  resource  usage data can be al located 
t o   i t s e l f  and Its aesiynatea  internal  blocks  through t h e  technique 
of bracketing. By t h i s  means measurement data can be grouped i n t o  
a hierarchy o€ l e v e l s  whereby the stream of low-level  measurements 
i s  assigned  to  uesignateu components and component blocks of t h e  
IPAD task. With this inkornation,  higher-level  events  can be 
constructed from lower-level events by the perfornlance data 
analyzer - 

The amount ot aata col lected a t  each level may differ, 
permitt ing the capture  of oniy t h e  m o s t  useful  data and w i t h  only 
the   l eve l  oi de ta i l   r equ i r ed .  

IPAD structure  Optimization.-  Component  frequency-of-use 
statistics can be developed  from the t r a c e  data. These statistics 
provide component l o c a l i t y  maps for   analyzing the s t ruc tu re  of 
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overlay trees i n   t h o s e  lPAD hosts t ha t  do no t  have  automatically 
paged (virtual) memories. 

Component Optimization.- IPAD components  can  Collect 
i n t e r n a l  data for the development and optimization of component 
p e r t o m a c e .  

The resource manager funct ion of t h e  IPAD da ta  manager can be 
used as an example of the   k ina  of task-specif ic  data t h a t  might  be 
collected. Components of the data manager requir ing f i l e  access 
w i l l  use the record manager,  which, i n   t u r n ,  w i l l  use   the  IPAL) 
f i l e   c o n t r o l  system. A representat ive  act ion might be t o  s a t i s f y  
a request  t o  acid a da ta  record t o  a named f i l e ,  l o  do t h i s ,  the  
record manager examines a table r e s i a e n t  in main storage to  obta in  
tne t i l e  address of a physical   b lock  containing  suff ic ient   f ree  
space  for the new recurd, The record manager then calls the  
buf ter manager to  ~ C C ~ S S  the block. 

Data Needed: For this representat ive  act ion t o  be optimized, the 
following k inds  of da ta  are needed, 

1. Disk  access: The number ot d i s k  accesses needed t o  s a t i s f y  a 
request for  d given-size  block 

2. Size of requestea biocks: The s i z e  of the  blocks  requested 
by the   var ious components of t he  IPkD data manager 

3. Free space  dvdilable:  A record of the amount of f ree   space  
available i n  the accessed blocks of t h e  f i l e  

4. Locking In t e rva l :  ‘%he length of t i m e  a working s torage 
buffer  or file buffer  remains locked 

Data Analysis: This Kind of compnent   internal  data can be used 
t o  optimize component parameters  such as: 

1. The r e l a t ionsh ip  between the s i z e  of t h e   r e c o r d   t o  be 
i n se r t ed   i n  U fi le block and the ex ten t  of t h e  free space 
range. (A d i s t r i u u t i o n  ot record   s izes  w i l l  enable  the 
boundaries or the free-space  ranges t o  be chosen so as t o  
enclose  natural ly   occurr ing clusters of record s izes . )  

2. The s i z e  of tne record t o  be i n s e r t e d   i n  a file’s block 
versus  the amount of free space remaining.  (This will 
proviae an lnd ica t ion  of the  fragmentation of ava i lab le  free 
space .) 

3. An evaluat ion or: the number of free-space  chains  versus the 
number of blocks accessed (i.e., the  extent of relinking 
needed) . 
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"I Data R e c o r d a :   T a s K - s p e c i f i c  U a t a  need  not be recorded as it is 
generated.  Composite  records oi t iming ,   s torage   and   event   da ta  
can be accurrniLatea u n t l i   t h e  end of t h e  component 's processing. An 
example of this kind of d a t a  is the IPAD data manager a c t i v a t i o n  
record,  whicn w i l l  be generated by the W A D  data manager scheduler  
component . 
Resource  Character izat ion of IPAD Jobs.- IPAD components  can 
c a p t u r e   t h e i r   u s e  of h o s t  system resources. With this 
lnforrnation, IPAD des igne r s   can   a s soc ia t e   t r ansac t ion   complex i ty  
with resource usaqe ancl c r e a t e  u t a  t o  be used   for  component  and 
sys t em opt inuza t ion .  More d i r e c t l y ,  a designer   can see which 
components act  as b o t t l e n e c k s   i n   r e s t r i c t i n q  s y s t e m  f l o w .  

Aggregate  conswnption of host  sys t em r e s o u r c e s   r e p r e s e n t s   t h e  
t a s k ' s  accumulatecl use of. tile host system; it is combined with 
resource  usage data irom mdny o ther  1PAD jobs to develop a concise  
d e s c r i p t i o n  of the lPku job nux, Thi s  c h a r a c t e r i z a t i o n  of IPAD 
jobs p e r m i t s   t h e   i d e n t i f i c a t i o n  or the resources needed by IPAD on 
ii host system. 

Evaluation of a host as  an IPAD Processor . -  The IPAD data-  
gather ing f a c i l i t y   c d p t u r e s  hos t  system  data that, when analyzed, 
is used t o  estaDlissl  performance of an IPRL, host computer as  a 
pxocessos oi t h e  IPAE worKload, The host@.s a b i l i t y  t o  process  
I P i d  JOLS e s t a b l i s h e s  i t s  throughput rate and IPAD responsiveness  
t o  use r   ac t ions .  A host's job p r o c e s s i n g   a b i l i t y  i s  governed by 
hth its  haraware chardc-teristics (CPU speed, I/O channel 
capac i ty ,  aud device access  times) and its ope ra t ing  system 
software (maximum nultiprogramming level, job p r i o r i t y   a s s i g n e d  by 
c l a s s  8 etc  .) . 

The performance data c o l l e c t e d  w i l l  be used i n  t h e  IPAD 
performance model, d queued  network of servers represent ing  
components of t h e  host system (CPU, I / O  devices ,  etc.) and their 
associated  queues.  The Abi l i t y  of t h e s e  components t o  process  work 
is t h e i r  service rate, which i s  derived from the measured h o s t  
system statistics (hos t   czpab i l i t y  data) . 

Col l ec t ion  ot 1PW Performance Data 

Data Gathering  Design and Fu1lctlon.- Due t o  its need for computing 
Fower, I P W  will o p e r a t e  03 mult ip ie ,   in te rconnec ted ,  and poss ib ly  
d i x f  erent host  computers This means t h a t  IPAD software should be 
as host-inaepenaent  as possibie.  F o r  the I D G S  func t ion ,  host 
independence i s  outalned through use  of a two-layer interface: a 
host-independent p a r t ,  with which IPAD components  communicate,  and 
II host-dependent  part,  which  conmunicates  with the host ana is 
t a i l o r e u  to t h e   c h a r h c t e r i s t i c s  of each host .  
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IPAD performance measurements are collected with a two-part 
da ta -ga ther ing   fac i l i ty ,  The f i r s t   p a r t  is a passive  subrout ine 
a t t a c h e d   t o  the IPAD task,  components of which c o n t r o l   t h e i r  own 
data   gather ing and c o l l e c t  performance data through calls t o  -is 
data-gathering  subroutine, They axe provided w i t h  t h e   a b i l i t y  t o  
(1) start and terminate the IDGS gather ing  operat ion;  (2) ylobal ly  
set the amount of de ta i led  data t o  be gathered; (3) enable blocks 
of code t o  be bracketed  for  hierarchical  data  grouping; (4) enable 
local s e t t i n g  of data volumes; (5) within a bracketed code mea, 
record occurrence a€ designated  events;  and ( 6 )  record a 
componentes self yene ra t ed   i n t e rna l  data. 

The second part   operates  indepenaently of IPAD t o  collect 
execution and resource data for a l l  jobs processed by the  host 
system. This  job is performed by a highly  host-dependent  data 
gatherer ,  which periodically  samples key host system  performance 
var iables .  

Types of Data Collected.- The  performance data collected from IPAD 
components ( a s  a is t inguished trom host  system data) f a l l  into 
three  types.  The z i r s t  is trace data, which r eco rds   t he   i n t e rna l  
execution of an l P U  component. The second  type is canponent- 
s p e c i f i c  data, whicn is generated  internal ly  by the IPAD 
component. Its format and ueaning are spec i f ied  by the component 
and CSA represent  loop  counts,  storage  used,  and  timing ciata. The 
thi rd  type  represents   actual   usage ot t h e  resources of t h e  hos t  
system, which include CPU t i m e ,  number of 1/0 accesses,  and amount 
of main storage  occuplea. 

Format of Collected Data.- Each measurement generates  a s p e c i f i c  
group of data  elements. Lath group is of varying  length,  
consis t ing of an  ldentiiying  header and a var iable- length  data  
component, depending on the event  and  level of de ta i l   reques ted .  
Each group- 1s appropr ia te ly   ident i i ied  by IDGS ana, depending on 
t h e   l e v e l  of detai l  requested, may contain  event t i m e  and CPU 
time. I f  generatea by a hos t   in te r face   rou t ine ,  detailed host  
da ta  w i l l  be present  i n  adai t ion.  

The IPAD performance data measurements are purposely 
generated i n  a host-independent k o r m a t  to  ensu re   t ha t  the 
reduction  function on one host  can  process  the  performance 
measurements collectep ~y another host of d i f f e r e n t  
charac te r i s t ics .   This  is ttcrther  ensured  through t h e  use of a 
standard  data  format  and  data  type. 

Col lect ion of Trace D a t a . -  An IPAD component.s trace data i s  
generated by the component anu its host in te r face   rou t ines ,  as 
they  execute,  through  subroutine cal ls  t o  IDGS. The amount of; 
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trace crata generated by each component can be cont ro l led  by t h e  
component,  depending on tile expected  use of the data .  

Four l e v e l s  02 da ta -ga the r ing -de ta i l  are provided. k t  t h e  
r lrst  l eve l ,  t h e  trace contains  only a record of t h e  calls t o  t h e  
data-gathering f a c i l i t y ,  including both t h e   i m p l i c i t  trace 
generated by t h e  host  i rke r face   rou t ines  and t h e   e x p l i c i t  trace 
generated  by the event and bracket commands. A t  the second leve l ,  
each  t race  event  i s  t i m e  stamped ( i . e . ,  t h e   c u r r e n t   v a l u e  of wall 
clock time is added to the trace's measurement g roup)  . At t h e  
t h i r d   l e v e l  the accuuuiated CPU t i m e  consumed t o  t h a t   p o i n t  by 
each IPAD task (dccumulated by the  host  system  and  accessed 
through hos t  sys t em services) is added t o  t h e  measurement  group, 
A t  t h e   t o u r t h  and f i n a l  level, special-purpose  detailed  data is 
added. T i l i s  data ,   consi .s t ing of t i m e  stamps, 1/0 device 
ident i f icat ior i ,  and phys ica l   r eco rd   aun t s ,  is obtained only from 
the spec ia l ly  modiiied IPkD development host 's   operating system. 

Collect ion of Frequency-oi-Use Statistics.- Component frequency- 
o f -use   s t a t i s t i c s   can  be gathered by instrumenting  each component 
o r  component block of i n t e r e s t   w i t h  a ca l l  t o  IDGS t o  c rea t e  an 
event  denoting its txecut ion,  

Col lect ion ot a Componeut @ s  In t e rna l  Data.- To collect t h i s   t y p e  
of data, lPAD component aesigners  examine the   func t ion  or serv ice  
of t h e i r  coniponent and i den t i fy  tiase fea tu res   t ha t   cha rac t e r i ze  
o r  govern its performance. These features  probably w i l l  be unique 
€or  each component. 

The kinds of inkormation t o  be gathered t o  charac te r ize  the 
oFeration  and  performance  of tne component are typica l ly :  

T iminq :  Timing data  can be captured  through the recording of 
events  such  as  termination of a major loop or  h o w  long  another 
comporient takes   to   p rovide  a service for this component. An IDGS 
funct ion w l l l  supply wall clock time. 

- Storaqe:  kecording  queue  lengths and t h e   s i z e  of working or I / O  
buffers  facilitates determination of t he   r e l a t ionsh ip  between a 
record"s  size ana   the   s izes  oi avai lab le   f ree   space ,  or the amount 
of free spce  ava i ldble   for   a l loca t ion .  The data-gather ing 
f a c i l i t y  can  measure m e  amount of storage  occupied by the IPAD 
component only wherr it is executing, and then on ly   i n  terms of the 
component's da t a   s t ruc tu res  . It can do t h i s  by  recoraing t h e  
s i z e ,  un i t s ,  and  numbers of instances of these   s t ruc tu res .  

Activity  counts:  These can be simple  recordings of component- 
maintained  counts oi various  kinds of e v e n t s   t h a t  are meaningful 
t o  the task. For example, how many elements  does a queue  have 
now? How many calls t o  the resource manager  have t o  be made t o  
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access a €3-tree page? W h a t  is the  number of scheduler  cycles 
needed t o  process a request?  

When parameters  specikyiny  the  internal  performance of the  
component have been i d e n t i f i e d ,  the designer*s  next   s tep is t o  
specify  numerical   values and iden t i f i ca t ion  codes. These  timing, 
storage, and a c t i v i t y  measurements are accumulated by t h e  
component i n  an array, with a format  determined  arbitrari ly by t h e  
componencBs designer,  and then  output  through  subroutine calls t o  
IDGS . 
Collect ion of Host Hesource D a t a . -  Access to hos t  resource usage 
data  is accomplished  primarily  through  host system services. 
These services  usudily  supply  accounting-type  data of the   hos t  
resources  consun~ea by each  host,  whether IPAD or o ther ,  An IPAD 
job's use ok host  system  resouxces,  independent oi those  collected 
by t h e  host system  accounting  functions, is col lec ted  by t h e  data- 
ga the r ing   f ac i l i t y ,   e i t he r   du r ing  its operat ion  ( through  t racing,  
as previously  mentioned)  or a t  the end of its execution- The 
resource  use measurements are placed a t  the end of the task ' s  data 
stream. 

Collect ion of Host System Measurements.- Host system  processing 
capab i l i t y   da t a  will be collected by a da t a -ga the r ing   f ac i l i t y  
t h a t  is hooked i n to   t he   hos t  computer's  operating sys tem.  I t  
c o l l e c t s   t h e  following types of key host operat ing system 
information  (expressea in CYBEH host terminology) : 

1, 

2- 

3 .  

4- 

5. 

6 .  

3 .  

N u m b e r  of concurrent  users by job class (number of control  
points  executing I P A D  jobs)  

CPU and I/O busy tmes (measurements of: t h e  "busynessm of t h e  
CPU and I/CJ channels of the host system) 

N u m b e r  of cornpieteu jobs 

Number or canpieted  operat ions per device (total number of 
reads  ani writes t ranskerr iny  physical   b locks of data)  

Total number of l / O  operat ions (number of I /O  operat ions f o r  
each   device   cdcuia ted   to r  a l l  l/O devices, includinq 
terminals) 

Measurement i n t e r v a l  (time i n t e r v a l  over which the  
measurements are maae) 

Job execution s ta tus  (breakdown of the execut ion   s ta tus  of 
the  jobs being multiprogrammed i n  the system) 
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Reduction of lPAD Perrormance Data 

D a t a  Reduction  Report.- The IPAD p e r t o r m a n c e   r e p o r t   f i r s t   p r e s e n t s  
the W A D  t a s k ' s   r e s o u r c e   u s a g e   i n   t n e  form of a matr ix ,  with 
r e source  types (e.g., CPU time) as coiumns and component or block 
i d e n t i f i e r s  as rows. Another  colunn shaws the level of d a t a  
g a t h e r i n g   s p e c i f i e d  for each  block,  These and the block l i s t i n g s  
w i l l  show t h e   h i e r a r c h y   s p e c i f i e d  by t h e   i n s t r u m e n t a t i o n  
bracket ing.  If t h e  1PA.D task was not   ins t rumented  for resource  
measurements by i nd iv idua l  components, t h e r e  w i l l  be a s i n g l e  row 
showing  only the task's  accumulated use of host system  resources.  

The Seconci s e c t i o n   p r e s e n t e d   i n   t h e  trace report d e t a i l s  
events  (i.e ., designer-def  ined  happenings i n  a component,  recorded 
by a c a l l  t o  t h e  I&S subrou t ine ) .  merits a r e   l i s t e d  by 
i d e n t i i i e r  and ordered by time of the i r  occurrence.  

The third s e c t i o n  of t h e   t r a c e  report lists the measurements 
g e n e r a t e d   i n t e r n a l l y  by the IPAT) t a s k  o r  i t s  component pa r t s .  
These  measurments ;ire pecu1u.r t o  t h e  program  generating  them, 
excep t   fo r   t he i r   s thnda rd  but var i ab le - l eng th  format of length ,  
i d e n t i f i e r ,   a n d  the d a t a .   l n  the absence of a decoding  template, 
such a s  a d a t a   s t r u c t u r e ,  a d e f a u l t   l i s t i n g  of one  recording 
in s t ance  per r o w  w i l l  be generated.  kows w i l l  be ordered by the 
t h e  of their  occurrence.  

Reauction oi Trace-Yype Data.- Trace-type  measurements are 
generated by t h e   e x e c u t i o n  of the various  components of each I P A E  
t a s k .  These measurements  appear a s  a s t r i n g  of i d e n t i f i e d  groups, 
each c o n s i s t i n g  ok l e n g t h ,  i d e n t i f i e r ,  and aata,   which  are  scanned 
t o  e x t r a c t  uasic pesxurnmce information for  p r e s e n t a t i o n   i n  the 
r e p o r t .  

Reduction ot Frequency-of-Use  Data .- Component frequency-of  -use 
cidta are  reduced t o  genera te   over lay  tree map data, each  branch of: 
wnich is i d e n t i f i e d  along with i ts  use  count.  

Reduction of Component l n t e r n a l  Measurements .- The performance 
measurements  generated  internally by an IPAD component  have 
meaning  only to that   conponent .   lhe   Content  of the measurement 
( t iming,   s torage,  dnd counts) is gene ra t ed   dynmica l ly  by a 

component's  operation ana depends on t h e  & l o w  of execut ion,  
These Ineasurments adve a comron f o r m a t ;   t h e i r   p r e s e n t a t i o n  i n  dn 
IPm p e r f o r m n c e   r e p o r t  w l l l  require special-purpose  processing 
defined by t h e  con~pcment cs  designer .  

keuuction oi Job Chdrdcterist ic  Measurements .- IPAD usage 
statistlcs w i l l  be Leduced t o  produce measures of t h e  host system 
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resources  used by each IPAD Job, such as elapsed t i m e ,  CPU time, 
amount of memory occupieu, rimer of I/O accesses made, and number 
02 f i l e s  accessed, 

Processing w i l l  involve  c luster  analysis  and sca l ing  
techniques, in which the collected  resource information is grouped 
and averaged to produce  repesentative job descr ipt ions.  ln 
addition,  reduction  produces jor, resource  usage  inputs  for the 
IPAL, queued network  pertormdnce model. These inputs  consist of 
elapsed time, CPU time, I /O a c t i v i t y ,  and storage  requirements €or 
each job. 

Reduction of H o s t  Charac te r l s t ic  Measurentents.- The followiny 
kinds of performance n i O d e l  parametric data are produced fro= 
col lected  host-specif ic   data:  

Multiprogrmning 1 eve1 

CPU service time by job c la s s  

I/O device  service t i m e  Liy job class 

H o s t  s y s t e m  component routing  frequencies 

JOD swapping a c t i v i t y  

Job residency times 

Summary of IPkb Performance Measurement  and Reduct ion 

T h e  i n t e n t  of the data gather ing   par t  of this paper has been 
t o  provide an operat ional ly   or iented,  comprehensive descr ipt ion of 
the total X P A I j  I U t i S  f a c i h t y .  The presentat ion w a s  mentioned i n  
three md jor sectiorls: Ferformarlce data use,  performance data 
col lec t ion ,  and performance aata reduction. 

IPAD's use of X X S  was considered tirst. T h i s  showed how t h e  
various  types of nredsureIrkent data  were used t o  measure 1PAD.s 
a c t u a l  performance  ana use ot host computer resources.  

Described  next w e r e  (1) a descr ipt ion of t h e  XCDGS sottware,  
(2) the types of performance  measurements  gathered, and (3) t h e  
mechanisms by which the measurements were co l lec ted .  

The l a s t  sec t ion   br ie f ly   descr ibed  tile performance  report 
format and out l ined the processing of t h e  meqsurement data. 
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SYS'I'mi DLVELUPMLNT U S l N t i  A HIGH-ORDER LANGUAGE (HOL) 

More and more, high-order  languages (HOLs) are being  used t o  
design dnd bu i ld  programming s y s t e m s  both large and small, 
E f t i c i e n t   u s e  of CPU and memory resources  when bu i ld ing  
prwraxuning  systems,  although  importdnt, is now less cr i t ical  
because of more e f f i c i e n t   o b j e c t   c o d e   o u t p u t  by compilers ,   the  
developments i n  increased  machine speed, more s o p h i s t i c a t e d  
machine   a rch i tec ture ,  and l a r g e r  and cheaper memories. It makes 
yood sense t o  choose d prograrminy language  best  s u i t e d  t o   s o l v e  
t h e  problem a t  nana, For example, most programmers would agree  
m a t  m:ericdi a lgor i thn is  are best r e p r e s e n t e d   i n   a n  HOL such as 
FOkTXAN and n o t  i n  assenuly i a n g w g e  or an HOL l i k e  SNOBOL anu 
e s p e c i a l l y  not i n  assembly  lanyuage. The same arguments  for HOL 
use i n   a p p l i c a t i o n s  are being  used to  j u s t i f y   t h e  use of HOLs i n  
designing and bu i ld ing  sys t em s o k t w a r e .  

Pasca l  as t h e  HOL 

In t h e   e a r l y   s t a g e s  or t h e   p r o J e c t ,  a s tudy  w a s  performed t o  
select a prograrmunq  language for implementing the IPUD system 
( r e f .  6 )  . From an i n i t i a l  list of 15 languages ,   f ive  w e r e  chosen 
fo r   de t a i l ed   eva lua t ion .   These  were KED, FORTRAN, LITTLE, Pascal ,  
and Assembly Lariguage with Macros. 

The languages were evaluated  on 20 d i f fe ren t   weiqhted  
criteria, among w h x h  w e r e  degree of s t a n d a r d i z a t i o n ,   p o r t a b i l i t y ,  
object code   e f f ic iency ,   suppor t  of complex d a t a   s t r u c t u r e s ,  and 
support  of structured  design  and  programming, As a r e su l t ,   Pasca l  
w a s  s e l e c t e d  as the system  design  and  implementation  language. 
Our discussion of Pascal's advdntages and disadvantages is i n   t h e  
con tex t  of Its use I n  crevelopnlent of. opera t ing   sys tem  in te r face  
and network software. 

Advantages 

The a v a n t a g e s  Pascal affords the des igner  and developer of 
system sortware are t h o s e   t h a t  it provides   any  programer.  Some 
of those advantages are: 

Very well s t r u c t u r e d   c o n t r o l   s t a t e m e n t s  

Supports d N I G ~  variety of d a t a   s t r u c t u r e s  

Recursive 

Extensive type checking 

P o r t a b i l i t y  
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Optional  run t i m e  error checking 

The s t ructured  control   s ta tements ,  w i d e  v a r i e t y  of data  
structures, and extensive  type  checking  have aided i n  the  top-  
down, fu l ly   spec i f  i& approach we have  taken  with our software 
design ana aevlopnent. The data s t ruc tu res  and type  checking  have 
forced  us to   t h ink   t h rough  and precisely  define  our  data 
s t ruc tu res  and H i d U l e  i n t e r f aces ,  These  language  features,  along 
with our software  standards (rei. 7 ) ,  have r e s u l t e d   i n  well 
documented and maintain&le sot-tware. The opt ional  run time e r r o r  
checking allawed us  t o  t h r o u g h l y  check out  our  programs  and  then 
t o   t u r n   o f f  cnecjcing in production code releases f o r   b e t t e r  
perf orrnance . 

Disadvantages 

Some ot our  problems w i t h  rascal are general ,   o thers  are 
perhaps  unique t o   t h e  development of sys t em software, Some ot the 
problems w e  encountered w e r e  : 

Weak I / O  f a c i l i t i e s  

Type checking  sometimes too r e s t r i c t i v e  

Variable-length arrays n o t  generally  supported 

No e x p l i c i t  data i n i t i d l i za t ion   s t a t emen t s  

Too m u c h  run time environment  required 

N o  "own" type variables (a s   i n  ALGOL) 

Heap a l ioca t ion   no t   op t imal  

When developing a general  set of serv ice   rou t ines ,  
pd r t i cu la r ly  1/0 rout ines ,  it is not possible t o   p r e a i c t  a l l  of 
t he  forms that the data i n  tne l / U  Isutfer w i l l  take. Length is 
a l s o  an unpredictat le  varid.de fo r  a data buffer .  Type checking 
and the   l ack  of variable-length  (coniormablej   arrays  forces t h e  
systems programer t o  c m p i l e  the service rout ines   external ly .  
each  applications programmer must  then  define h i s  own procedure 
dec lara t ion  with the proper  buffer  type. These buffer  types w i l l  
g e n e r a l l y   d i t f e r ,  which seems inconsis tent  w i t h  t he   i n t en t  of 
Pascal's type-checking mechanism. Such problems are 
implementation-aependent. One d i f f i c u l t y  i s  the lack of Pascal 
standards  for  external  compilations and for modularizing large 
systems. I n   f a c t ,   i f  such a s tandard  exis ted and w e r e  un iversa l ly  
or generally  impleaented,  the %ricksn employed t o  avoid  type 
checking would no ionger  work. This should  happen,  and when it 
does a more comprehensive  solution t o  the "unknown data type" 
problem w i l l  be  necessary. 
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Compiler i m p l e m e n t a t i o n s  are  a l so  i n c o n s i s t e n t   i n   t h e i r   t y p e  
c h e c k i n g .  Some r e q u i r e   s t r u c t u r a l   e q u i v a l e n c e ;   o t h e r s   r e q u i r e  
name e q u i v a l e n c e ;  still o t h e r s   u s e   d e c l a r a t i o n   e q u i v a l e n c e ,   w h i c h  
is s l i g h t l y  less s t r i n g e n t   t h a n  name e q u i v a l e n c e .  ( O u r  compiler 
e n f o r c e s   d e c l a r a t i o n   e q u i v a l e n c e . )   T h e  programmer is  g e n e r a l l y  
able  t o  i n i t i a l i z e   v a r i a b l e s  a t  compile time b u t   o n l y   g l o b a l  
v a r i a b l e s   i n   t h e   m a i n   p r o g r a m .   A n o t h e r   v e r y   u s e f u l  compiler 
f e a t u r e   t h a t  is g e n e r a l l y   l a c k i n g  is t h e  u s e  of e x p r e s s i o n s   i n  
d e f i n i n g   c o n s t a n t s .  An a b s o l u t e   r e q u i r e m e n t ,   w h i c h  is  p r o v i d e d   b y  
most c o m p i l e r s ,  is  t h e  suppor t  o f   p a c k e d  d a t a  s t r u c t u r e s .  

The Pascal r u n  time e n v i r o n m e n t  assumes t h a t  a p r o c e d u r e  or 
f u n c t i o n  is  b e i n g  ca l led  f r o m   t h e   c o n t e x t .   o f   a n o t h e r  Pascal 
p rogram.   Th i s   a s sumpt ion   makes  it d i f f i c u l t  t o  u s e  Pascal t o  
d e f i n e   i n t e r r u p t   h a n d l i n g  procedures or  a n y   p r o c e d u r e s   w h i c h  
e x e c u t e   a s y n c h r o n o u s l y .   I n   b u i l d i n g   g e n e r a l - s e r v i c e   s o f t w a r e ,  it 
is  u s e f u l   i f   n o t   m a n d a t o r y  t o  have  a way t o  d e f i n e  s t a t i c  
v a r i a b l e s   t h a t  are  n o t  pa r t  of t h e   s t a c k  s t ruc tu re  a n d   t h e r e f o r e  
r e m a i n   d e f i n e d   b e t w e e n  c a l l s .  

G e n e r a l   E x p e r i e n c e  

Coming  from many y e a r s   o f   e x p e r i e n c e   i n   d e s i g n i n g ,   b u i l d i n g ,  
a n d   m a i n t a i n i n g   s y s t e m   s o f t w a r e   u s i n g   a s s e m b l y   l a n g u a g e   a n d  macros 
on  a v a r i e t y   o f   m a c h i n e s ,  some a s s e m b l y - l a n g u a g e - o r i e n t e d   s y s t e m  
programmers  had a d i f f i c u l t  time m a k i n g   t h e   t r a n s i t i o n  to 
Pasca l ,  w h e r e   a c c e s s i n g  a b i t .   i n  a b y t e  o r  word f o r   t h e  f irst  time 
p roved  t o  b e  a f r u s t r a t i n g   a n d   a g o n i z i n g  process. An e x a m p l e   o f  
a c c e s s i n g   f i e l d s   i n  a s y s t e m   c o n t r o l  word u s i n g  Pascal i s  shown i n  
f i g u r e s  11 and 1 2 .  One o f   t h e  major b e n e f i t s   h a s   b e e n  
p r o d u c t i v i t y .   I n  a r e l a t i v e l y   s h o r t  time ( 6  t o  1 2   m o n t h s ) ,  a 
g r o u p   o f   t h r e e  or f o u r   p e o p l e   h a s   d e v e l o p e d   e x e c u t i v e   a n d   n e t w o r k  
s o f t w a r e   t h a t  is eas ie r  t o  d e b u g   a n d   m a i n t a i n   t h a n  i t s  a s s e m b l y  
l a n g u a g e   e q u i v a l e n t .  Ease o f   m a i n t e n a n c e  is a n   i m p o r t a n t   b e n e f i t ;  
m a i n t e n a n c e   r u n s   f r o m  70 t o  85 per  c e n t   o f   t h e  cost  o f   s o f t w a r e  
o v e r  i ts  l i f e   c y c l e .  

On b a l a n c e ,   o u r   e x p e r i e n c e   w i t h  Pascal h a s   b e e n  a good  one.  
I t s  u s e  h a s   f o r c e d  a more d i s c i p l i n e d   a n d   r i g o r o u s   a p p r o a c h  t o  t h e  
s o l u t i o n   o f   p r o b l e m s .   A s s e m b l y   l a n g u a g e  s t i l l  h a s  i t s  place i n  
t . he   deve lopmen t   o f   so f tware  t h a t  m u s t  i n t e f a c e   w i t h   t h e   o p e r a t i n g  
s y s t e m   a n d   m a c h i n e   h a r d w a r e ,   b u t  i t  is h a r d  t o  i m a g i n e   r e t u r n i n g  
t o  a s s e m b l y   l a n g u a g e  a s  a v e h i c l e   f o r   b u i l d i n g   g e n e r a l   s y s t e m  
s o f t w a r e .  
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CONCLUDlNG RWAKKS 

Complete host system  independence is a desirable goal  f o r  
IPAD software components. We have achieved this independence t o  a 
high  degree,  but a t  the expense oi not  using o r  g ran t ing   access   t o  
usefu l   hos t  system services tha t  are unique t o  s o n e  systems. This 
method of i s o l a t i n g  IPAD software components  from t h e  host s y s t e m  
has minimized host  system  dependent code. W h a t  dependencies  exist  
are l o c a l i z e a   i n  a small number of modules. 

Writing  executive and communication s o f t w a r e   i n  a high-order 
language  has  been  challenging and, generally,   successful.  W e  have 
experienced  high  productivity and have  been able to  concentrate on 
the important  problems of design  and  implementation. Most of t h e  
problems w e  encountered were not  w i t h  t h e  Pascal language but with 
the  implementation of the  compiler and the run time subsystem, 
Lack of computer  vendor support  for one of our Pascal  
implementations was h problem. More vendor support  may have meant 
a compiler and run time subsystem t h a t  w a s  better in tegra ted  with 
s y s t e m  a rch i t ec tu re  and system services. 
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Figure 8.- Addressing  in a three-cluster  network. 
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5) 36 35 24 23 1817  1413121 

I I I I I l l  
1 5) 36 35 24 23 1817  14131211 6 5  4 3 2 1 0  

I I I I I l l  I I l l1 
RESERVED  SYSTEM ( 2 4 ) J  

RESERVED  INSTALLATION (12)- 

WORD COUNT (6)- 

RESERVED CDC (4)- 

DON'T TERMINATE IF ERROR-J 

DON'T WAIT IF SUBSYSTEM IS BUSY 

SUBSYSTEM NOT  DEFINED (1) 

SUBSYSTEM BUSY (1) 

SUBSYSTEM NOT  RUNNING (1) 

COMPLETE BIT (1) 

RESERVED  SYSTEM ( 2 4 ) J  

RESERVED  INSTALLATION (12) 

WORD COUNT (6 )  

RESERVED CDC (4) 

DON'T  TERMINATE IF ERROR 

DON'T WAIT IF SUBSYSTEM IS BUSY - 
ERROR  CODE ( 6 ) l  

RESERVED (2) 

SUBSYSTEM NOT  DEFINED (1) 

SUBSYSTEM BUSY (1) 

SUBSYSTEM NOT  RUNNING (1) 

COMPLETE BIT (1)- 

6 5  4 3 2 1 0  

F i g u r e  11.- T y p i c a l  system c o n t r o l  word format. 

BIT = 0 . .  1; 

ETTCWD = PACKED  RECORD 
RSVDSYS : PACKED  ARRAY [l . .24] OF BIT ; 
RSVDINST : PACKEDARRAY [l  . . 121 OF  BIT ; 
WORDCNT : 0 . . 7 B  I 

RSV  DC  DC : PACKED  ARRAY [ l  . .4 ]  OF BIT ; 
NOTERM : BOOLEAN I 

NOWAIT : BOOLEAN I 

E  R  RSTAT : PACKED  RECORD I 

ERROR : 0 . .  77B I 

RSVD : PACKED  ARRAY [l . .2 ]  OF BIT ; 
NOTDEFND : BOOLEAN I 

BUSY : BOOLEAN I 

NOTRUN : BOOLEAN I 

END I 

COMPLETE : BOOLEAN I 

END I 

F i g u r e  1 2 . -  P a s c a l   d e s c r i p t i o n  of a word. 
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AN ENGINEERING DATA  MANAGEMENT  SYSTEM FOR I P A D  

H. R. J o h n s o n ,  D. L. Comfor t ,  D. D. S h u l l  
Boeing   Computer  S e r v i c e s  Company 

SUMMARY 

T h i s  paper p r e s e n t s  an  o v e r v i e w  of t h e  capabi l i t$es  a n d  
s o f t w a r e   a r c h i t e c t u r e   o f   t h e  I P A D  i n f o r m a t i o n  processor ( I P I P ) .  
I P I P  is a s t a t e - o f - t h e - a r t   d a t a  base m a n a g e m e n t   s y s t e m   t h a t  
sa t i s f ies  e n g i n e e r i n g   r e q u i r e m e n t s   n o t   a d d r e s s e d   b y  present. d a y  
commercial s y s t e m s .  I t  a l so  s i g n i f i c a n t l y   a d v a n c e s  a number  of  
c a p a b i l i t i e s  t h a t  are o f f e r e d  commercially. I P I P  c a p a b i l i t i e s  
r a n g e   f r o m   s u p p o r t   f o r   m u l t i p l e   s c h e m a s   a n d   d a t a   m o d e l s  t o  s u p p o r t  
f o r   d i s t r i b u t e d   p r o c e s s i n g ,   c o n f i g u r a t i o n   c o n t r o l ,   a n d  da t a  
i n v e n t o r y   m a n a g e m e n t .  

I P I P  e x p l o i t s   s e m a n t i c   c o m m o n a l i t y   i n   f e a t u r e s   o f f e r e d   i n  
v a r i o u s   f o r m s  a t  d i f f e r e n t   u s e r   i n t e r f a c e s   i n   t o d a y ' s  commercial 
s y s t e m s .  An i n t e g r a t e d   s o f t w a r e   a r c h i t e c t u r e   s u p p o r t s  a l l  u s e r  
i n t e r f a c e s :   p r o g r a m m i n g   l a n g u a g e s ,   i n t e r a c t i v e   d a t a   m a n i p u l a t i o n ,  
a n d   s c h e m a   l a n g u a g e s .   T h i s  approach promotes s i m p l i c i t y   a n d  
c o m p a c t n e s s   i n   s o f t w a r e   a n d  permits f e a t u r e s  t o  b e   o f f e r e d  
s y m m e t r i c a l l y  across a l l  appropriate  u s e r   i n t e r f a c e s .   T h u s ,  more 
f u n c t i o n a l i t y  is  p r o v i d e d   f o r   t h e   u s e r   i n  a more u n i f o r m   a n d  
u s a b l e   f a s h i o n .  

DATA MANAGEMENT REQUIREMENTS 

I P I P  w.as o r i g i n a l l y   e n v i s i o n e d  as  a d a t a   m a n a g e r  t o  s u p p o r t  
t h e   d e s i g n  process f o r  aerospace v e h i c l e s .   C o n s e q u e n t l y ,   a n  
e x p e r i e n c e d  team o f   B o e i n g   e n g i n e e r s   a s s i g n e d  t o  t h e  I P A D  p rogram 
c o n d u c t e d   i n d u s t r y - w i d e   s u r v e y s   a n d   i n t e r v i e w s  to  d e t e r m i n e  
e n g i n e e r i n g   d e s i g n   r e q u i r e m e n t s .   T h e s e  a r e  d o c u m e n t e d   i n  
r e f e r e n c e s  1 and 2. 

S i n c e   t h a t  time, t h e   i m p o r t a n c e   o f   d a t a   s h a r i n g   a n d  
c o n t i n u o u s  flow of d a t a   b e t w e e n   t h e   e n g i n e e r i n g   a n d   m a n u f a c t u r i n g  
processes h a s  come t o  be more f u l l y   r e c o g n i z e d .   T h e   c o n c l u s i o n   h a s  
b e e n  t h a t  I P I P  should suppor t  both c o m p u t e r - a i d e d  design 
a n d   c o m p u t e r - a i d e d   m a n u f a c t u r i n g .   T h i s   r e q u i r e m e n t  was r e f l e c t e d  
i n  a r e s o l u t i o n   p a s s e d   b y   a t t e n d e e s  a t  t h e   t h e  ICAM/COCAM Data 
Base Workshop i n  Dallas i n  A p r i l  1979 t o  t h e  e f f e c t  t h a t  I P I P  
s h o u l d   b e   u s e d  t o  s u p p o r t  ICAM d a t a   b a s e   m a n a g e m e n t .   C u r r e n t l y ,  
a n  I P A D  team is w o r k i n g   w i t h   B o e i n g   m a n u f a c t u r i n g  t o  assess I P I P  
r e q u i r e m e n t s   i n   r e l a t i o n  t o  m a n u f a c t u r i n g   r e q u i r e m e n t s .  

145 



E n g i n e e r i n g   R e q u i r e m e n t s   f o r  Data Base Management 

The DBMS r e q u i r e m e n t s   d i s c u s s e d   i n   t h i s   s e c t i o n  were d e r i v e d  
f r o m   t h e  I P A D  s y s t e m   r e q u i r e m e n t s   s p e c i f i e d   b y   t h e  I P A D  
e n g i n e e r i n g  team. These  were i d e n t i f i e d   t h r o u g h   t h e   u s e   o f   b o t h  
i n d u s t r y - w i d e   s u r v e y s   a n d   o n - s i t e   i n t e r v i e w s   w i t h   r e p r e s e n t a t i v e s  
f r o m   t h e  U.S. aerospace i n d u s t r y .   T h i s   e f f o r t   r e s u l t e d   i n   t h e  
f o r m u l a t i o n   o f   t h e   f o l l o w i n g   c a t e g o r i e s   o f  DBMS r e q u i r e m e n t s :  

1. M u l t i p l e   v i e w s   o f   d a t a  

2. M u l t i p l e   l e v e l s   o f  d a t a  d e s c r i p t i o n  

3 .  Dynamic da t a  d e f i n i t i o n  

4 .  D i s t r i b u t e d   d a t a   ( b a s e )   p r o c e s s i n g  

5 .  E x t e n d i b l e  da ta  t y p e s  

6.  G e o m e t r y   p r o c e s s i n g  

7. C o n f i g u r a t i o n   c o n t r o l  

8. Data inventory   management  

E a c h   o f   t h e s e   c a t e g o r i e s  w i l l  be d i scussed  i n  some d e t a i l  
below. 

M u l t i p l e  V i e w s  of  Data.- A c h a r a c t e r i s t i c   o f   t h e  da ta  bases found 
i n   t h i s   e n v i r o n m e n t  is t h a t   t h e y  are  t y p i c a l l y   o n   t h e  order o f  
b i l l i o n s   o f  b i t s  i n   s i z e .  Because o f   t h e i r   l a r g e   s i z e   a n d  
i n h e r e n t   c o m p l e x i t y ,  users w i l l  p r o c e s s   s u b s e t s   o f   t h e  da ta  b a s e  
a t  one  t i m e  ( i . e . ,  no o n e   u s e r  w i l l  have t h e   n e e d  t o  p r o c e s s  the 
e n t i r e  da t a  base a t  a n y   g i v e n   i n s t a n t ) ;   t h i s   r e q u i r e s   t h e  DBMS t o  
s u p p o r t   t h e   d e f i n i t i o n   a n d   m a n i p u l a t i o n   o f . s u b s e t s   ( e . g . ,  s u b -  
schemas or l o g i c a l   s c h e m a s )   o f  a more g l o b a l   v i e w   o f   t h e  da ta  
b a s e .   F u r t h e r m o r e ,   o n e   f i n d s   u p o n   i n v e s t i g a t i o n   o f   t h e   t y p e  of 
d a t a  p r o c e s s e d   t h a t   t h e r e  is a need  and desire  t o  o r g a n i z e   t h e  
da ta  i n t o   l o g i c a l  s t ructures  s u c h  a s  h i e r a r c h i e s   a n d   n e t w o r k s ;  
however ,  a l a r g e   p o r t i o n   o f   t h e  da t a  u s e d   i n   t h e   d e s i g n   p r o c e s s  
l e n d s   i t s e l f  t o  b e i n g   o r g a n i z e d   i n t o  tables or r e l a t i o n s .   T h u s  w e  
see t h e   n e e d   f o r   n o t   o n l y   s u p p o r t i n g   t h e   v i e w i n g   o f   p o r t i o n s   o f  a 
da t a  b a s e   b u t   f o r   o r g a n i z i n g   t h e s e   p o r t i o n s   i n t o   d i f f e r e n t   f o r m a t s  
( h i e r a r c h i e s ,   n e t w o r k s ,   r e l a t i o n s )   o f  da t a .  S t a t ed  more 
e x p l i c i t l y ,  I P I P  m u s t  be a b l e   n o t   o n l y  t o  s u p p o r t   s u b s e t t i n g   o f  
t h e  d a t a  b a s e   i n t o   c o m p r e h e n s i b l e   p a r t i t i o n s   f o r  users ,  b u t  a l s o  
t o  d o  t h i s   i n   t h e   f o r m   o f   m u l t i p l e  da ta  models. The da t a  models  
s u p p o r t e d   b y  I P I P  are  d i s c u s s e d  i n  a l a t e r  s e c t i o n   o f   t h i s  
a r t i c l e .  T h e s e   d i f f e r e n t   v i e w s   o f   d a t a  may be p r o c e s s e d  by 
FORTRAN a p p l i c a t i o n   p r o g r a m s ,  Pascal  a p p l i c a t i o n   p r o g r a m s ,  ad hoc 
i n t e r a c t i v e  users, a n d   c o m p l e x   g r a p h i c s   s o f t w a r e .  
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M u l t i p l e   L e v e l s   o f  Data D e s c r i p t i o n . -   T h e   a b i l i t y  to  l o c a l i z e   t h e  
impact of c h a n g e  t o  d a t a   d e f i n i t i o n  is r e f e r r e d  t o  as d a t a  
i n d e p e n d e n c e .   T o   p r o v i d e   t h e   d a t a   i n d e p e n d e n c e   r e q u i r e d  t o  
accommoda te   t he  aerospace d e s i g n   e n v i r o n m e n t ,   m u l t i p l e - l e v e l  
a r r a n g e m e n t s   o f   s c h e m a s   m u s t   b e   s u p p o r t e d   i n   s u c h  a way t h a t   t h e  
impact of chan9.e t o  any   one   s chema  is i n s u l a t e d   w i t h  respect t o  
o t h e r   s c h e m a s   a n d   a p p l i c a t i o n s .  I P I P  supports a schema- 
a p p l i c a t i o n   e n v i r o n m e n t  (o r  d a t a   a r c h i t e c t u r e )   t h a t  permits v e r y  
f l e x i b l e   c o n f i g u r a t i o n s   o f   s c h e m a s   a n d   a p p l i c a t i o n s .   T h e   I P I P  
d a t a   a r c h i t e c t u r e   p r o v i d e s  for  m u l i p l e   l e v e l s   o f   s c h e m a s .  To 
e n h a n c e   p e r f o r m a n c e   i n   t h i s   m u l t i l e v e l   d a t a   a r c h i t e c t u r e   a n d  
m i n i m i z e   t h e   n e e d  fo r  r e c o r n p i l a t i o n ,  I P I P  s u p p o r t s  f a c i l i t i e s  f o r  
b i n d i n g   a p p l i c a t i o n s  t o  d a t a   d e f i n i t i o n s  a t  v a r i o u s  times, 
i n d e p e n d e n t  of t h e   c o m p i l a t i o n  process. 

Dynamic Data D e f i n i t i o n . -   P r e l i m i n a r y   i n v e s t i g a t i o n s   i n t o   t h e  
record types  a n d   r e l a t i o n s h i p s   n e e d e d  t o  s u p p o r t   t h e  aerospace 
d e s i g n   e n v i r o n m e n t   h a v e   s h o w n   t h a t  it is impossible t o  d e v e l o p  a 
complete, correct d e f i n i t i o n   o f   t h e  t o t a l  da t a  b a s e   d u r i n g   t h e  
i n i t i a l   p h a s e   o f  schema d e v e l o p m e n t .   T h e   s i z e   a n d   c o m p l e x i t y   o f  
t h e   d a t a  d i c t a t e  t h a t   t h e   d e v e l o p m e n t   o f   t h e   s c h e m a s   m u s t  be a n  
e v o l u t i o n a r y  process. Data a d m i n i s t r a t o r s   o f  I P I P  d a t a  b a s e s  w i l l  
need  t o  b e   a b l e  t o  d y n a m i c a l l y   m o d i f y   t h e   d a t a   b a s e   d e s c r i p t i o n  
w i t h o u t   h a v i n g  to  recompile e x i s t i n g   s c h e m a s   a n d   a p p l i c a t i o n  

,, p r o g r a m s   ( e x c e p t   u n d e r   c i r c u m s t a n c e s   w h e r e   d e f i n i t i o n s  are  removed 
f r o m   t h e  schemas); i . e . ,  it m u s t   b e   p o s s i b l e  t o  e n h a n c e   s c h e m a s  a s  
k n o w l e d g e   o f   r e c o r d   t y p e s   a n d   r e l a t i o n s h i p s   b e c o m e s  known t h r o u g h  
e x p e r i e n c e .  

A d d i t i o n a l l y ,   u s e r s  may w i s h  t o  d e f i n e  new and /o r   mod i fy  
e x i s t i n g  d a t a  d e f i n i t i o n s   ( s c h e m a s )   i n   t h e i r  p rog rams  t o  create  
" t e m p o r a r y "   d a t a  bases c o m p r i s i n g  new r e c o r d  t y p e s   a n d  new d a t a .  

We c a t e g o r i z e   t h e   d y n a m i c   m o d i f i c a t i o n   o f   s c h e m a s ,   w h e t h e r  by 
da ta  a d m i n i s t r a t o r s  or u s e r s ,  a s  "dynamic  da t a  d e f i n i t i o n . "  

D i s t r i b u t e d  Data P r o c e s s i n g . -  A l l  t y p e s   a n d   s i z e s   o f   c o m p u t e r  
h a r d w a r e  are u s e d   i n  a t y p i c a l  aerospace e n g i n e e r i n g  f i r m .  Wi th  
t h e   i n c r e a s i n g  demand f o r   t h e   s h a r i n g   o f   d a t a   b e t w e e n   d i f f e r e n t  
c o m p u t e r s   w i t h i n  a f i r m ,  w e  f i n d   c o m p u t e r   n e t w o r k s   i n v o l v i n g  
h e t e r o g e n e o u s   c o m p u t e r s .   I n   t h e s e   c o n f i g u r a t i o n s   t h e r e  are 
c o l l e c t i o n s  of b o t h  large-scale m a i n f r a m e s   a n d   m i n i c o m p u t e r s ,   a n d  
t h e r e  is a need  t o  s h a r e   d a t a   b e t w e e n   t h e m .   T h e s e   m a c h i n e s  may b e  
c o n n e c t e d   v i a  local h i g h - s p e e d   c o m m u n i c a t i o n   l i n k s  ( 5 0  
megabits/sec) a n d / o r   g l o b a l   l o w - s p e e d   l i n k s  (300-9600 b i t s / s e c ) .  
F i g u r e  1 d e p i c t s  a sample h a r d w a r e   c o n f i g u r a t i o n  f o r  a d i s t r i b u t e d  
e n v i r o n m e n t .  

A u s e r   r e s i d i n g  a t  s i tes A ,  B ,  and  C w i l l  process h i s  own 
d a t a  l o c a l l y   a n d   r e q u i r e  local d a t a   m a n a g e m e n t   s e r v i c e s   b u t  w i l l  
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a l so  n e e d  t o  access d a t a   o n   d i f f e r e n t   c o m p u t e r s  a t  d i f f e r e n t  sites 
u s i n g   d a t a   m a n a g e m e n t   c a p a b i l i t i e s .   T h e r e f o r e ,   t h e r e   m u s t  be I P I P  
f u n c t i o n a l i t y   n o t   o n l y  a t  a s i n g l e  s i t e  b u t  a t  m u l t i p l e  sites as  
well. I d e a l l y ,   u s e r s  w i l l  not.   need t o  know t h e   p h y s i c a l   l o c a t i o n  
of t h e   d a t a ,  so t h e  DBMS mus t  be able t o  d e t e r m i n e   t h e  s i t e  a t  
w h i c h   d a t a   r e s i d e s  or is  to  b e   s t o r e d .  

I n  order to p r o v i d e  I P I P  d a t a   m a n a g e m e n t   f u n c t i o n a l i t y  a t  
m u l t i p l e  s i tes,  I P I P  m u s t   b e   r e s i d e n t  a t  some sites a n d   a c c e s s i b l e  
t o  a l l  s i tes .  H o w  m u l t i p l e  I P I P s  w o u l d   c o m m u n i c a t e   w i t h   e a c h  
o t h e r  is b e y o n d   t h e  scope o f   t h i s  paper. 

F i g u r e  2 shows a sample c o n f i g u r a t i o n  of m u l t i p l e  s i tes w i t h  
m u l t i p l e  I P I P s  a v a i l a b l e  t o  u s e r s .   T h e   r e s i d e n c y  of a n  I P I P  DBMS 
a t  a s i t e  is n o t  a p r e r e q u i s i t e   f o r   t h e   a v a i l a b i l i t y   o f   d a t a  
m a n a g e m e n t   s e r v i c e s  a t  t h a t  s i t e .  Users a t  s i t e  A c o u l d   u s e   d a t a  
m a n a g e m e n t   s e r v i c e s  a t  s i t e  B t h r o u g h  I P A D  n e t w o r k   s e r v i c e s .  

E x t e n d i b l e  Data Types.-  I P I P  mus t  accommodate d e f i n i t i o n  of new 
a n d   d i f f e r e n t  d a t a  t y p e s  ( I P I P  m u s t   b e   e x t e n d i b l e )  as  n e e d s  a r i s e .  

G e o m e t r y   P r o c e s s i n g . -  Amid t h e   c o m p l e x  d a t a  b a s e s   i n   t h e  
e n g i n e e r i n g  world is  found  a c h a r a c t e r i s t i c   n o t   p r e s e n t   i n  
b u s i n e s s  da ta  management :   the   need  t o  d e f i n e   a n d   m a n i p u l a t e  
g e o m e t r i c   e n t i t i e s .   T h i s   g e o m e t r i c   c a p a b i l i t y  places special  
r e q u i r e m e n t s   o n   t h e  d a t a  managemen t   sys t em.   The   sys t em  mus t  
m a n a g e   g e o m e t r y ,   e n f o r c e   c o n s t r a i n t s ,   m a i n t a i n   c o n t i n u i t y ,   a n d  
t r a c k   a s s o c i a t i o n s   o f   e n t i t i e s .  I t  m u s t  a l s o  allow t h e  
m a n i p u l a t i o n   o f   g e o m e t r y  d a t a  a t  t h e   e n t i t y   l e v e l .   T h e s e  
r e q u i r e m e n t s   h a v e   r e s u l t e d   i n  some u n i q u e   f a c i l i t i e s   i n  I P I P .  

C o n f i g u r a t i o n   C o n t . r o 1 . -   D u r i n g   t h e   d e s i g n   o f   a n   a i r p l a n e ,   h u n d r e d s  
o f   e n g i n e e r s  w i l l  c reate  ( a n d  s to re  i n  a d a t a  base) h u n d r e d s   o f  
v e r s i o n s  of w i n g s ,   f u s e l a g e s ,   e n g i n e s ,  e tc .  T h e r e  i s  a n  
a d m i n i s t r a t i v e   n e e d   f o r   e a c h   e n g i n e e r  t o  m a i n t a i n   c o n t r o l   o v e r   h i s  
d a t a  d u r i n g  a g i v e n   p h a s e  of t h e   d e s i g n  process, a n d   t h i s  
t r a n s l a t e s   i n t o  a need  t o  permit o n l y   t h e   r e s p o n s i b l e   e n g i n e e r  t o  
h a v e   m o d i f i c a t i o n   r i g h t s   u n t i l   t h e   d e s i g n   o f   t h e   a i r c r a f t  
c o m p o n e n t   h a s   r e a c h e d  a c e r t a i n   p h a s e .  A t  t h i s   p o i n t ,  a 
p a r t i c u l a r   d e s i g n  is d e s i g n a t e d  as b e i n g   o f f i c i a l l y  re leased,  and  
n o   f u r t h e r   u p d a t e s  may o c c u r   t h e r e a f t e r   o n   t h i s   d a t a ;   h o w e v e r ,  
when m o d i f i c a t i o n s   o f   t h e   o f f i c i a l   v e r s i o n  a re  r e q u i r e d ,   t h e s e  
c h a n g e s  w i l l  r e s u l t   i n   t h e   g e n e r a t i o n   o f  new v e r s i o n s   o f   t h e  
e x i s t i n g  d a t a .  I P I P  m u s t  c o n t r o l  access t o  t h e  data  d u r i n g   b o t h  
p h a s e s   o f   d e s i g n ,   a n d  be ab le  t o  process t h e  d a t a  base ( a n d  
p o r t i o n s   t h e r e o f )   b y   v e r s i o n s .   T h e   c o n f i g u r a t i o n   c o n t r o l   o f   t h e  
d e s i g n   d a t a  base is u n d e r   a b s o l u t e   c o n t r o l  of t h e   e n g i n e e r i n g  da t a  
base management   system. Associated w i t h   e a c h   e n g i n e e r ' s  d a t a  mus t  
be a " h e a d e r "   d e s c r i b i n g   t h e   s o u r c e   a n d  q u a l i t y  of t h e  data .  T h i s  
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h e a d e r  w i l l  i n c l u d e   s u c h  items as a u t h o r ' s  name, c r e a t i o n  date ,  
v e r s i o n  of t h e   d a t a ,   a n d   v a r i o u s   o t h e r   a t t r i b u t e s .  A l l  o f   t h i s  
i d e n t i f y i n g   d a t a   m u s t  be m a i n t a i n e d  by I P I P .  

Data I n v e n t o r y   M a n a g e m e n t . -   T h i s   r e q u i r e m e n t  is p r i m a r i l y  a r e s u l t  
of t h e   f i v e   r e q u i r e m e n t s   p r e v i o u s l y   d i s c u s s e d .  I t  is b e s t  
d e s c r i b e d  as t h e   n e e d   f o r  I P I P  t o  manage i t s  own d a t a   a b o u t   t h e  
u s e r   d a t a .   T h i s   s y s t e m   d a t a  (o r  " m e t a d a t a , "  as it is sometimes 
c a l l e d )   c o n s i s t s  of t h e   f o l l o w i n g :  

1. C o m p i l e d   m u l t i p l e   s c h e m a s   a n d   t h e   m a p p i n g s   b e t w e e n   t h e m  

2. T h e   c o n f i g u r a t i o n   c o n t r o l   d a t a   ( h e a d e r s )  

3 .  S e c u r i t y   i n f o r m a t i o n   a b o u t  who i s  p r o c e s s i n g   t h e   d a t a   b a s e  

4 .  A d i c t i o n a r y   o f   a l l o w a b l e   d a t a   t y p e s   ( e . g .   p o i n t s ,   l i n e s ,  
matrices, e tc .  ) 

5. Director ies  i n d i c a t i n g   t h e   l o c a t i o n   o f   d a t a   w h i c h  is 
d i s t r i b u t e d   o v e r  a compute r   ne twork  

T h e s e   i n c l u d e   f u n c t i o n s   p e r f o r m e d   b y   d a t a   d i c t i o n a r i e s   ( i n c l u d i n g  
commercial d a t a  d i r ec to r i e s ) ,  b u t   a d d i t i o n a l   c a p a b i l i t i e s  a re  
r e q u i r e d  t o  h a n d l e  some of t h e   m e t a d a t a .  More i m p o r t a n t l y ,  t h i s  

o f  I P I P  i n  order t o  p e r f o r m  i t s  f u n c t i o n s   c o r r e c t l y .  
S p e c i f i c a l l y ,  it s h o u l d   b e   a n   i n t e g r a t e d  pa r t  o f   t h e   d a t a  
management   system. 

' i n v e n t o r y   f a c i l i t y   m u s t   b e   a n   a c t i v e  ( a s  opposed  t o  p a s s i v e )  p a r t  

M a n u f a c t u r i n g   R e q u i r e m e n t s   f o r  Data Base Management 

C u r r e n t l y ,   a n  I P A D  team i s  w o r k i n g   w i t h   B o e i n g   m a n u f a c t u r i n g  
t o  assess m a n u f a c t u r i n g   r e q u i r e m e n t s   f o r   d a t a   m a n a g e m e n t .   T o  
d a t e ,   t h i s   g r o u p   h a s   o b s e r v e d   t h a t ,   i n   g e n e r a l ,   e n g i n e e r i n g  
r e q u i r e m e n t s   c o v e r   m a n u f a c t u r i n g   r e q u i r e m e n t s ,   a l t h o u g h   r e l a t i v e  
e m p h a s i s   o n   p a r t i c u l a r   r e q u i r e m e n t s  may d i f f e r   b e t w e e n  t h e  t w o  
e n v i r o n m e n t s .   M u l t i p l e   v i e w s   a n d   c o n c u r r e n t  access w i t h  heavy  
u p d a t e  are v e r y   i m p o r t a n t   i n   m a n u f a c t u r i n g   d a t a   p r o c e s s i n g .  

I P I P  CAPABILITIES 

Data A r c h i t e c t u r e  

A schema is a v a l i d   s e q u e n c e   o f   s t a t e m e n t s   t h a t   d e s c r i b e  
d a t a .  I P I P  s u p p o r t s  a m u l t i p l e - s c h e m a  da t a  a r c h i t e c t u r e   t h a t  
g e n e r a l i z e s   t h e   t w o - s c h e m a   a r c h i t e c t u r e  proposed by t h e  
ANSI/X3/SPARC Data Base S t u d y   G r o u p .   ( S e e   r e f e r e n c e  3 f o r  a 
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d e s c r i p t i o n  of t h e  A N S I  d a t a   a r c h i t e c t u r e . )   T h e  I P I P  d a t a  
a r c h i t e c t u r e   o f f e r s  a number of a d v a n t a g e s   i n c l u d i n g   t h e   a b i l i t y  
t o  v a r y   d a t a   i n d e p e n d e n c e   a c c o r d i n g  t o  c o s t / b e n e f i t  trade-offs f o r  
s p e c i f i c   s i t u a t i o n s .  

The ANSI d a t a   a r c h i t e c t u r e   i n c l u d e s   t h r e e   m a n d a t o r y   l e v e l s  
and  types  of schemas:  

1. C o n c e p t u a l  schema--a schema t h a t  d e s c r i b e s   l o g i c a l   d a t a  
s t ructures  fo r  a n   e n t ' i r e   e n t e r p r i s e ,  i .e . ,  a n   e n t i r e   d a t a  
base 

2. E x t e r n a l  schema--a s c h e m a   t h a t  describes l o g i c a l  d a t a  
s t r u c t u r e s   d e r i v e d  from t h e  c o n c e p t u a l   s c h e m a .  An e x t e r n a l  
schema t a i lo r s  t h e   d e s c r i p t i o n   o f  a p o r t i o n  of a da ta  base t o  
t h e  n e e d s   o f  a class of a p p l i c a t i o n s .  

3 .  I n t e r n a l  schema--a  schema t h a t   d e s c r i b e s   p h y s i c a l   d a t a  
s t r u c t u r e s  t o  s u p p o r t   t h e   l o g i c a l  da t a  s t r u c t u r e s  of a 
c o n c e p t u a l  schema 

F i g u r e  3 i l l u s t r a t e s   t h e   e s s e n t i a l s   o f   t h e  A N S I  t h ree - schema  
a r c h i t e c t u r e .   T h e   n o t a t i o n  "m:n'' i n   t h i s   f i g u r e   i n d i c a t e s  t h a t  m 
o f  t h e  u p p e r   a p p l i c a t i o n s  o r  schemas may be associated w i t h  n o f  
t h e  lower s c h e m a s .   F i g u r e  4 i l l u s t r a t e s  t h e  hub-and-spoke 
a r r a n g e m e n t   o f   s c h e m a s   a n d   a p p l i c a t i o n s   i n  t h e  ANSI e n v i r o n m e n t .  
The term a p p l i c a t i o n  here r e f e r s  t o  e i the r  a n   a p p l i c a t i o n  program 
or  a n   i n t e r a c t i v e  (o r  q u e r y )   s e s s i o n   t h a t   i n c l u d e s  d a t a  
m a n i p u l a t i o n  commands a g a i n s t  a s c h e m a   a n d   h e n c e   a g a i n s t   t h e  da ta  

- b a s e .  

I n  t h e  ANSI e n v i r o n m e n t ,   o n e  o r  more i n t e r n a l   a n d   e x t e r n a l  
schemas  may be a s s o c i a t e d  w i t h  a s i n g l e   c o n c e p t u a l  schema. An 
i n t e r n a l  o r  e x t e r n a l   s c h e m a  is a s s o c i a t e d   w i t h   e x a c t l y   o n e  
c o n c e p t u a l  schema. I n t e r s c h e m a   m a p p i n g   s t a t e m e n t s  a re  c o n t a i n e d  
i n   i n t e r n a l   a n d   e x t e r n a l  schemas. An a p p l i c a t i o n   r e f e r e n c e s  
e x a c t l y   o n e   e x t e r n a l   s c h e m a .  

The I P I P  d a t a   a r c h i t e c t u r e   i n c l u d e s  a v a r i a b l e   n u m b e r  of 
l e v e l s   o f  schemas o f   t h r e e   t y p e s :  

1. 

2. 

3 .  
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Logica l   schema--a  schema t h a t   d e s c r i b e s   l o g i c a l   d a t a  
s t r u c t u r e s  fo r  a c o l l e c t i o n   o f  da ta  

I n t e r n a l  schema--a schema t h a t  d e s c r i b e s   p h y s i c a l  da t a  
s t r u c t u r e s  t.0 support  l o g i c a l  d a t a  s t r u c t u r e s   i n  a l o g i c a l  
schema.  A l o g i c a l   s c h e m a   s u p p o r t e d   d i r e c t l y   b y   a n   i n t e r n a l  
schema is c a l l e d  a b a s e - l e v e l   l o g i c a l   s c h e m a .  

M a p p i n g   s c h e m a - - a   s c h e m a   c o n t a i n i n g   s t a t e m e n t s  t h a t  map da ta  
s t r u c t u r e s   o f  a l o g i c a l   s c h e m a   o n t o  data  s t r u c t u r e s   o f   o n e  or 
more u n d e r l y i n g   l o g i c a l   a n d / o r   i n t e r n a l   s c h e m a s  



" 

F i g u r e  5 i l l u s t r a t e s   t h e   I P I P   d a t a   a r c h i t e c t u r e .   T h e  
n o t a t i o n   " n : n "   i n  t h i s  i l l u s t r a t i o n   i n d i c a t e s   t h a t  n of the  u p p e r  
a p p l i c a t i o n s  o r  schemas may be a s s o c i a t e d   w i t h   o n e   o f   t h e  lower 
schemas .   The   segmented   d iamond  represents  a mapp ing   s chema   t ha t  
i s  i m p l i c i t l y   d e f i n e d  by c o n s t r u c t s   i n  data m a n i p u l a t i o n   s t a t e m e n t s  
w i t h i n  a n  a p p l i c a t i o n .  One l o g i c a l   s c h e m a  is r e q u i r e d .   T h e  
d o t t e d  loop i n d i c a t e s   t h a t ,   o p t i o n a l l y ,   a d d i t i o n a l   l o g i c a l   s c h e m a s  
may be i n c l u d e d .   F i g u r e  6 i l l u s t r a t e s  some o f   t h e   a r r a n g e m e n t s   o f  
a p p l i c a t i o n s   a n d   s c h e m a s   t h a t  a re  p o s s i b l e   i n   t h e   I P I P  
env i ronmen t .  

I n   t h e  I P I P  d a t a   a r c h i t e c t u r e   t h e r e  is o n l y   o n e   t y p e  of 
l o g i c a l   s c h e m a   i n s t e a d  of t w o  as i n   t h e  ANSI d a t a   a r c h i t e c t u r e .  
I n t e r s c h e m a   m a p p i n g   s t a t e m e n t s  appear o n l y   i n   m a p p i n g   s c h e m a s ,   n o t  
i n   i n t e r n a l  o r  l o g i c a l   s c h e m a s .   A p p l i c a t i o n s  may r e f e r e n c e   o n e  or 
more u n d e r l y i n g   l o g i c a l   s c h e m a s  a t  a n y   l e v e l   i n   t h e   a r c h i t e c t u r e .  
An a p p l i c a t i o n  may n o t ,   h o w e v e r ,   r e f e r e n c e  two l o g i c a l   s c h e m a s ,  
one   o f   which  is d e f i n e d   d i r e c t l y  or i n d i r e c t l y   i n  terms of t h e  
o t h e r .  A l o g i c a l   s c h e m a  is a s s o c i a t e d   w i t h   e x a c t l y   o n e   u n d e r l y i n g  
mapp ing   s chema   and   t he reby   w i th   one  o r  more u n d e r l y i n g   l o g i c a l  o r  
i n t e r n a l   s c h e m a s .  An i n t e r n a l   s c h e m a  is  a s s o c i a t e d   w i t h   e x a c t l y  
one  mapping schema and   hence  w i t h  e x a c t l y   o n e   l o g i c a l   s c h e m a .  

The I P I P  i n t e r n a l   s c h e m a   c o r r e s p o n d s  t o  t h e  A N S I  i n t e r n a l  
schema. An I P I P  b a s e - l e v e l   l o g i c a l   s c h e m a   c o r r e s p o n d s  most 
c l o s e l y  t o  a n  ANSI c o n c e p t u a l   s c h e m a .   H o w e v e r ,   u n l i k e   t h e  
c o n c e p t u a l   s c h e m a ,  a b a s e - l e v e l   l o g i c a l   s c h e m a   c a n   b e   r e f e r e n c e d  
b y   a n   a p p l i c a t i o n ,   a n d  a l o g i c a l   s c h e m a  need n o t   d e f i n e  t h e  e n t i r e  
d a t a   b a s e   f o r   t h e   e n t e r p r i s e .  

I n f o r m a l l y ,  w e  d e f i n e   d a t a   i n d e p e n d e n c e  as t h e   i n s u l a t i o n   o f  
change  t o  d a t a   d e f i n i t i o n   w i t h i n  a d a t a   a r c h i t e c t u r e .   T h u s ,   f o r  
e x a m p l e ,   i n  t h e  A N S I  a r c h i t e c t u r e ,   p r o g r a m s   a n d   t h e   c o n c e p t u a l   a n d  
e x t e r n a l  schemas need n o t  be   changed  when a change  i s  made to  a n  
u n d e r l y i n g   i n t e r n a l   s c h e m a .   P r o g r a m s  may a l s o  b e   p r e s e r v e d   i n   t h e  
f a c e   o f   c e r t a i n   c h a n g e s  t o  t h e   c o n c e p t u a l   s c h e m a s   b y   a l t e r i n g  
m a p p i n g   s t a t e m e n t s   i n   e x t e r n a l   s c h e m a s .   G e n e r a l l y   s p e a k i n g ,   d a t a  
independence  is  a l i n e a r   f u n c t i o n   o f   t h e   n u m b e r  of l e v e l s   o f  
schemas  used.   The u s e  o f  t w o  l e v e l s   o f  I P I P  l o g i c a l  schemas 
a f f o r d s   t h e  same a m o u n t   o f   d a t a   i n d e p e n d e n c e  as t h e  A N S I  d a t a  
a r c h i t e c t u r e .   T h e   u s e  of o n e  l e v e l  o f   I P I P   l o g i c a l   s c h e m a  
p r o v i d e s  l e s s  d a t a   i n d e p e n d e n c e ;   t h e  u s e  of  more t h a n  two l e v e l s  
of l o g i c a l   s c h e m a s   p r o v i d e s  more. Thus t h e  I P I P  d a t a  a r c h i t e c t u r e  
allows t h e  data  a d m i n i s t r a t o r  t o  make t r a d e - o f f s   b e t w e e n  t h e  
b e n e f i t s   o f   d a t a   i n d e p e n d e n c e   a n d   t h e   o v e r h e a d  of schema 
m a i n t e n a n c e   a n d   b i n d i n g   b y   c h o o s i n g   t h e  appropriate  number  of 
l e v e l s   o f   l o g i c a l   s c h e m a s .   T h e  more l e v e l s   o f   s c h e m a s ,   t h e   h i g h e r  
t h i s   o v e r h e a d .  A s  d i s c u s s e d   i n  a l a t e r  s e c t i o n ,  I P I P  b i n d i n g  
o p t i o n s  permit a l l  b i n d i n g   o v e r h e a d  to  b e   i n c u r r e d   p r e r u n - t i m e   f o r  
p r e c o m p i l e d   a p p l i c a t i o n s .   T h e s e   o p t i o n s  a l s o  p e r m i t  most b i n d i n g  
t o  be p e r f o r m e d  p r io r  t o  r u n - t i m e   f o r   i n t e r a c t i v e   a p p l i c a t i o n s .  
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B y  s e p a r a t i n g   m a p p i n g   s t a t e m e n t s   f r o m   t h e   i n t e r n a l   a n d  
l o g i c a l   s c h e m a s ,   t h e  I P I P  d a t a   a r c h i t e c t u r e   p r o v i d e s  more da ta  
independence .   Fo r   example ,  i t  is i n t e n d e d ,   i n   f u t u r e  releases, 
t h a t   m a p p i n g   s t a t e m e n t s  may s p a n   s e v e r a l   u n d e r l y i n g   l o g i c a l  o r  
i n t e r n a l   s c h e m a s .   T h u s  a m a p p i n g   s t a t e m e n t   m i g h t   c h o o s e   b e t w e e n  
s e v e r a l   u n d e r l y i n g   s c h e m a s   b a s e d   o n   t h e   v a l u e   o f   a n  item, e . g . ,  
schema S1 i f   t h e   v a l u e  i s  i n   r a n g e  R1, schema S2 i f   t h e   v a l u e  is 
i n   r a n g e  R2, e t c .  I n   t h e  I P I P  e n v i r o n m e n t ,   t h i s   m a p p i n g   s t a t e m e n t  
may be ammended t o  i n c l u d e   a d d i t i o n a l   u n d e r l y i n g   s c h e m a s  or to  
r e m o v e   t h e m   w i t h o u t   i m p a c t i n g   e x i s t i n g   l o g i c a l  o r  i n t e r n a l  
s chemas .   Th i s  is u s e f u l   i n   d i s t r i b u t e d   p r o c e s s i n g   s i t u a t i o n s  
where   nodes  a re  t o  be  added t o  or r emoved   f rom  the   ne twork   ove r  
time. 

A b a s e - l e v e l   l o g i c a l   s c h e m a  may d e s c r i b e   t h e   e n t i r e   d a t a   b a s e  
f o r   a n   e n t e r p r i s e  as d o e s   a n  A N S I  c o n c e p t u a l   s c h e m a ,  b u t  i t  does 
n o t   n e c e s s a r i l y   h a v e  t o .  T h e   d e s c r i p t i o n   o f   t h e  data b a s e  may be 
p a r t i t i o n e d   i n t o   s e v e r a l   b a s e - l e v e l   l o g i c a l   s c h e m a s   o n  a 
f u n c t i o n a l  or g e o g r a p h i c  bas i s  or a c c o r d i n g  t o  t h e  s t r u c t u r e  o f  a 
corporate o r g a n i z a t i o n .   T h u s ,   f o r   e x a m p l e ,   g i v e n   f o u r   d e p a r t m e n t s  
w i t h i n  a m a n u f a c t u r i n g   o r g a n i z a t i o n ,   t h e r e   m i g h t  be f o u r  base- 
l e v e l   l o g i c a l   s c h e m a s   d e s c r i b i n g   d a t a  l oca l  t o  a d e p a r t m e n t   a n d  
one  or more b a s e - l e v e l   l o g i c a l   s c h e m a s   d e s c r i b i n g   d a t a   s h a r e d   b y  
d e p a r t m e n t s .   T h i s   p a r t i t i o n i n g   o f  metadata allows e a c h   d e p a r t m e n t  
a d e g r e e  of au tonomy  over  i ts  own metadata. T h i s  is i n   k e e p i n g  
w i t h   d e p a r t m e n t a l   a t t i t u d e s   w i t h i n   a n   o r g a n i z a t i o n   a n d   t h e   g r o w i n g  
a w a r e n e s s  of t h e   v a l u e  of metadata as a r e s o u r c e .  

I t  is  n o t   u n u s u a l   f o r   s e p a r a t e   b u t  re la ted  da ta  bases t o  be  
c r e a t e d   w i t h i n  a c o r p o r a t i o n .  F o r  e x a m p l e ,   t h e s e   m i g h t  be 
p a r a l l e l   d e s i g n  da t a  b a s e s   f o r  t w o  o r  more p r o d u c t   l i n e s .   T h e  
I P I P  a b i l i t y  t o  t i e  l o g i c a l   s c h e m a s   t o g e t h e r   w i t h   o t h e r   l o g i c a l  
schemas o r  a p p l i c a t i o n s   f a c i l i t a t e s   t h e   c o u p l i n g   o f   t h e s e   e x i s t i n g  
d a t a   b a s e s   w i t h   m i n i m a l   d i s r u p t i o n ,   t h e r e b y   p r o v i d i n g  more d a t a  
i n d e p e n d e n c e .   T h e   d e c i s i o n  t o  c o u p l e  da t a  bases m i g h t  be a n  
a f t e r t h o u g h t .  For e x a m p l e ,   h e a d q u a r t e r s   d e c i d e s   t h a t  i t  m u s t  
e v a l u a t e  corporate impact or  r e l a t i v e  merits o f   c o e x i s t i n g  product  
l i n e s .  O r  t h e   d e c i s i o n  t o  so c o u p l e  d a t a  bases m i g h t  be a 
s t r a t e g y  a t  t h e  ou t se t  t o  p r o v i d e   f o r   f l e x i b l e   e v o l u t i o n   o f   d a t a  
b a s e s   w i t h i n   t h e   c o r p o r a t i o n .   R e f e r e n c e  4 d i s c u s s e s   t h e   c o u p l i n g  
of l o g i c a l   s c h e m a s   a n d   a p p l i c a t i o n  of o t h e r   f e a t u r e s   o f   a n  IP IP-  
l i k e   d a t a   a r c h i t e c t u r e   i n  a d i s t r i b u t e d   d a t a   m a n a g e m e n t  
e n v i r o n m e n t .  

The f l e x i b i l i t y   o f  t h e  I P I P  d a t a  a r c h i t e c t u r e   i n   c o n f i g u r i n g  
schema a r r a n g e m e n t s   s u p p o r t s   o r g a n i z a t i o n a l   p r a c t i c e s  of 
d e l e g a t i n g   a u t h o r i t y .   C o n s i d e r   t h e   a b i l i t y  t o  d e f i n e  m u l t i p l e  
l e v e l s   o f   l o g i c a l  schemas. S u p p o s e   t h a t  a d a t a   a d m i n i s t r a t o r  
r e c e i v e s   a u t h o r i t y  t.0 r e a d  a l o g i c a l   s c h e m a ,   d e f i n e   l o g i c a l  
schemas i n  terms o f  i t ,  a n d   d e l e g a t e   a u t h o r i t y .  H e  m i g h t   t h e n  
d e f i n e   s e v e r a l   l o g i c a l   s c h e m a s  based o n   t h e   o r i g i n a l ,   e a c h  
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c o r r e s p o n d i n g  t o  t h e   g e n e r a l   d a t a   r e q u i r e m e n t s   o f  a sub-  
o r g a n i z a t i o n .   F o l l o w i n g   t h a t ,   h e   m i g h t   d e l e g a t e   a u t h o r i t y  t o  a 
d a t a   a d m i n i s t r a t o r   w i t h i n   e a c h   s u b o r g a n i z a t i o n  to  r e a d   t h e  
appropriate l o g i c a l   s c h e m a   a n d   d e f i n e  l og ica l  s c h e m a s   i n  terms o f  
it. I n   t h i s  w a y ,   t h e  first d a t a   a d m i n i s t r a t o r  may c o n c e r n   h i m s e l f  
w i t h   t h e   o v e r a l l   d a t a   r e q u i r e m e n t s   o f   h i s   o r g a n i z a t i o n   a n d   n o t  be 
c o n c e r n e d   w i t h   d e t a i l e d   r e q u i r e m e n t s  of u s e r s   w i t h i n   t h e  
s u b o r g a n i z a t i o n s .  H i s  s u b o r d i n a t e s  may d e f i n e   o n e  or more l o g i c a l  
s c h e m a s ,   b a s e d   o n   t h e   o n e   g i v e n   t h e m  fo r  t h i s   p u r p o s e ,   b u t   t h e y  
n e e d   n o t  see t h e   o r i g i n a l   l o g i c a l   s c h e m a .   T h e y   n e e d   n o t  cope w i t h  
d a t a   t h a t  is n o t   r e l e v a n t  t o  t h e m .   T h i s   s i m p l i f i e s   t h e i r  jobs a n d  
a v o i d s   p o t e n t i a l   s e c u r i t y   p r o b l e m s .  

S u b o r d i n a t e   a d m i n i s t r a t o r s   m i g h t   b e   g i v e n   a u t h o r i t y  t o  
d e l e g a t e   a u t h o r i t y .   T h u s   s e v e r a l   l e v e l s  of l o g i c a l   s c h e m a s   m i g h t  
b e   b u i l t   u p ,   d e p e n d i n g   o n   t h e   s t r u c t u r e   o f  t h e  o r g a n i z a t i o n .  

I P A D  r e q u i r e m e n t s   i n c l u d e   p r o v i s i o n s   f o r   d e l e g a t i n g  
a u t h o r i t y ;   h o w e v e r ,   t h e   f i r s t  release of I P A D  w i l l  n o t   o f f e r  
a u t h o r i z a t i o n   m e c h a n i s m s .  

Schema  and Data M a n i p u l a t i o n   L a n g u a g e s  

I P I P  schema  and da t a  m a n i p u l a t i o n   l a n g u a g e s   e x h i b i t  a h i g h  
d e g r e e  of i n t e g r a t i o n   a n d   c o m p a t i b i l i t y   w i t h   a n t i c i p a t e d  
s t a n d a r d s .  

There are a s i n g l e  log ica l  schema l a n g u a g e   s u p p o r t i n g   m u l t i p l e  
da t a  m o d e l s ,   m u l t i p l e   p r o g r a m m i n g   l a n g u a g e s ,   a n d   i n t e r a c t i v e  
a p p l i c a t i o n s ;  a s i n g l e   i n t e r n a l  schema l a n g u a g e   s h a r i n g  many 
c o n s t r u c t s  w i t h  t h e   l o g i c a l   s c h e m a   l a n g u a g e :  a s i n g l e   m a p p i n g  
s c h e m a   l a n g u a g e   s u p p o r t i n g   m a p p i n g s   b e t w e e n   l o g i c a l   s c h e m a s   a n d  
b e t w e e n   l o g i c a l   a n d   i n t e r n a l   s c h e m a s :   a n d  a s i n g l e  d a t a  
m a n i p u l a t i o n   l a n g u a g e   t h a t  may be u s e d   b y   b o t h   a p p l i c a t i o n  
p r o g r a m s   a n d   i n t e r a c t i v e   a p p l i c a t i o n s .   T h u s  w e  u s e   t h e  term 
i n t e r a c t i v e   a p p l i c a t i o n s   r a t h e r   t h a n   q u e r y   s e s s i o n s  t o  r e f l e c t   t h e  
s i m i l a r i t y   i n   d a t a   m a n i p u l a t i o n   c a p a b i l i t i e s   i n   t h e  t w o  
e n v i r o n m e n t s .  

I n  some s y s t e m s   o n e   m i g h t .   e n c o u n t e r   o n e  o r  more c o n c e p t u a l  
s c h e m a   l a n g u a g e s  as well as  a d i s t i n c t   e x t e r n a l   s c h e m a   l a n g u a g e  
a n d   d a t a   m a n i p u l a t i o n   l a n g u a g e   f o r   e a c h   c o m b i n a t i o n  of d a t a   m o d e l  
a n d   p r o g r a m m i n g   l a n g u a g e   s u p p o r t e d .   I n   a d d i t i o n ,   o n e  o r  more 
q u e r y   l a n g u a g e s   m i g h t   b e   p r o v i d e d   f o r   i n t e r a c t i v e   a p p l i c a t i o n s .  
By c o n t r a s t ,   t h e r e  are  r e l a t i v e l y   f e w   l a n g u a g e s   f o r   t h e  I P I P  u s e r  
t o  l e a r n ;   f o r   e x a m p l e ,   h e   n e e d   n o t   l e a r n   o n e   d a t a   m a n i p u l a t i o n  
l a n g u a g e  t o  access t h e  da ta  b a s e   i n t e r a c t i v e l y   a n d   a n o t h e r  t o  
access it  v i a   p r o g r a m s .  

I n f o r m a l l y ,  a d a t a  model is a s t y l e   o f   d e f i n i n g   a n d  
m a n i p u l a t i n g  da ta .  I P I P  t a k e s   a n   i n t e g r a t e d   a p p r o a c h  t o  da t a  
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mode l ing ;  i.e., a s i n g l e  family of schema   and  data  m a n i p u l a t i o n  
l a n g u a g e s   s u p p o r t s   b o t h  t h e  n e t w o r k   a n d  r e l a t iona l  d a t a   m o d e l s  o r  
a m i x t u r e   o f   t h e  two. T h e   f u n c t i o n a l i t y   o f  t h e  h i e r a r c h i c a l   d a t a  
model ,   be ing   subsumed by t h a t  of t h e  t w o  o t h e r   d a t a   m o d e l s ,  is 
s u p p o r t e d  by I P I P .  

T h e   l o g i c a l   s c h e m a   l a n g u a g e   c o n t a i n s  a DATA MODEL c l a u s e  t o  
s p e c i f y   w h i c h   d a t a   m o d e l  is  b e i n g   u s e d .   T h i s   c l a u s e   g o v e r n s   w h i c h  
c o n s t r u c t s  may be u s e d   i n   t h e  schema. F o r  example, CODASYL sets 
may be d e c l a r e d   i n   n e t w o r k   s c h e m a s   b u t   n o t   i n   r e l a t i o n a l   s c h e m a s .  
C o n v e r s e l y ,   f o r e i g n   k e y s  may be d e c l a r e d   i n   r e l a t i o n a l  schemas b u t  
n o t   i n   n e t w o r k  schemas. 

The DATA MODEL c l a u s e   d o e s   n o t   d i s t i n g u i s h   b e t w e e n   d a t a  
m o d e l s   f o r   c o n s t r u c t s   t h a t  are  t r a d i t i o n a l l y  associated w i t h   o n e  
d a t a  model b u t   c o u l d   j u s t  as well be u s e d  w i t h  t-he o t h e r .  For 
e x a m p l e ,   t h e   d o m a i n   c o n s t r u c t   h a s   h i s t o r i c a l l y   b e e n   a s s o c i a t e d  
w i t h   t h e   r e l a t i o n a l   m o d e l   b u t  i s  a u s e f u l   e x t e n s i o n  t o  t h e  CODASYL 
ne twork   model .   Thus  t h e  I P I P  l og ica l  s c h e m a   l a n g u a g e  permits 
d o m a i n   d e c l a r a t i o n s   f o r  e i t he r  d a t a   m o d e l .   H i s t o r i c a l l y ,  
i n t e r r e c o r d   o p e r a t i o n s  are expressed i n  t e r m s  of data  i t e m  
c o m p a r i s o n s   i n   t h e   r e l a t i o n a l  d a t a  model b u t   n o t   i n   t h e  CODASYL 
n e t w o r k  da t a  m o d e l .   ( T h i s  is t h e  bas i s  fo r  e x p r e s s i n g   t h e  
r e l a t i o n a l   j o i n   o p e r a t i o n . )   T h e  I P I P  l o g i c a l   s c h e m a   l a n g u a g e  
permits d a t a   m a n i p u l a t i o n   i n v o l v i n g  item c o m p a r i s o n  regardless of 
w h i c h   d a t a  model is s p e c i f i e d   i n   t h e  l og ica l  schema.  

I n  some systems, o n l y   o n e   d a t a   m o d e l - - s a y  t h e  r e l a t i o n a l  
model--may b e   u s e d  a t  t h e   c o n c e p t u a l  schema l e v e l ,  w h i l e  two or  
more d a t a  models may be u s e d  a t  t h e   e x t e r n a l   s c h e m a   l e v e l .  
S u p p o r t .   o f   a n   e s s e n t i a l l y   n e t w o r k   m o d e l i n g   e n v i r o n m e n t   i n   s u c h  a 
s y s t e m   w o u l d   r e q u i r e  t h a t  someone   unde r s t and  t h e  r e l a t i o n a l   d a t a  
mode l   and   mapp ings   be tween   t he  two d a t a  models so t h a t  a 
r e l a t i o n a l   c o n c e p t u a l  schema c o u l d  be d e v e l o p e d .  N o t  so i n   t h e  
I P I P  e n v i r o n m e n t ,   w h e r e  a l l  schemas  may b e   n e t w o r k ;   l i k e w i s e ,  a l l  
s c h e m a s   i n  I P I P  may b e   r e l a t i o n a l ,  or  some schemas may b e  of o n e  
d a t a   m o d e l   a n d  some of t h e  o t h e r ,  or  some schemas may u s e  
c o n s t r u c t s  from b o t h  of t h e  da t a  m o d e l s .   T h u s   t h e  da t a  
a d m i n i s t r a t o r   h a s  broad f l e x i b i i t y   i n   u s i n g  da t a  mode l s .  

S i m i l a r l y ,  t h e r e  is a h o s t   l a n g u a g e   c l a u s e   i n  t h e  schema 
l a n g u a g e   g o v e r n i n g   w h e t h e r   n a m i n g   c o n v e n t i o n s   a n d  da t a  item 
d e s c r i p t i o n s   w i t h i n   r e c o r d s  o r  r e l a t i o n s   c o n f o r m  t o  FORTRAN or 
Pascal s y n t a x  for  d e c l a r i n g   v a r i a b l e s .  Data item s y n t a x  of t h e  
CODASYL d a t a   d e f i n i t i o n   l a n g u a g e  w i l l  be s u p p o r t e d   i n   f u t u r e  
releases. E i t h e r   h o s t   l a n g u a g e  may be u s e d   i n   a n y   i n t e r n a l  or 
l o g i c a l  schema. Thus  w i t h  I P I P  it is  n o t   n e c e s s a r y   f o r  someone i n  
a FORTRAN shop to  l e a r n  a s e c o n d   d a t a  item s u b l a n g u a g e   i n   o r d e r  t o  
write a c o n c e p t u a l  schema. A d m i n i s t r a t i o n  is s i m p l i f i e d   i n   t h e  
s i t u a t i o n   w h e r e   a p p l i c a t i o n s   i n   m u l t i p l e   h o s t   l a n g u a g e s  a re  t o  b e  
s u p p o r t e d ,   b e c a u s e  a s i n g l e   f r a m e w o r k  i s  used  fo r  schemas ,  
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i r r e s p e c t i v e  of h o s t   l a n g u a g e .   S c h e m a s   d i f f e r   b y  h o s t   l a n g u a g e  
o n l y  to  ref lect  e s s e n t i a l   d i f f e r e n c e s   i n   t h e   h o s t  l a n g u a g e s .  

T o   s u m m a r i z e ,   I P I P   o f f e r s  a number of f e a t u r e s   t h a t   s i m p l i f y  
t h e   d a t a   d e f i n i t i o n / d a t a   m a n i p u l a t i o n   t a s k .   T h i s  is e s p e c i a l l y  
i m p o r t a n t  f o r  t h e   i n d i v i d u a l  who m u s t   d e a l   w i t h  a l l  aspects o f   t h e  
process, i .e . ,  b o t h   d e f i n i n g   a n d   m a n i p u l a t i n g   d a t a   b a s e s .  

The   IP IP  logical  schema   l anguage  is  b a s e d   o n  a s u b s e t  of t h e  
s c h e m a   l a n g u a g e   b e i n g   c o n s i d e r e d   f o r   s t a n d a r d i z a t i o n  by t h e  
ANSI/X3/H2 committee. T h i s   l a n g u a g e  is a s u b s e t   o f   t h e   s c h e m a  
l a n g u a g e   d e v e l o p e d   b y   t h e  CODASYL Data D e s c r i p t i o n   L a n g u a g e  
C o m m i t t e e  a n d   d o c u m e n t e d   i n   t h e  committee's 1978 J o u r n a l   o f  
D e v e l o p m e n t   ( r e f .  5 ) .  

The I P I P  d a t a   m a n i p u l a t i o n   l a n g u a g e  is b a s e d   o n   t h e   d a t a  
m a n i p u l a t i o n   l a n g u a g e   s p e c i f i e d   b y   t h e  CODASYL  FORTRAN Data Base 
C o m m i t t e e  ( r e f .  6 ) .  

The I P I P  log ica l  s c h e m a   a n d   d a t a   m a n i p u l a t i o n   l a n g u a g e s  a re  
c o m p a t i b l e ,   s y n t a c t i c a l l y   a n d   s e m a n t i c a l l y ,   w i t h   s u b s e t s   o f   t h e i r  
CODASYL c o u n t e r p a r t s .   T h e  I P I P  l a n g u a g e s   c o n t a i n   e x t e n s i o n s  t o  
e n h a n c e   f u n c t i o n a l i t y  o r  u s a b i l i t y ;   h o w e v e r ,  where  I P I P  and 
CODASYL f u n c t i o n a l i t i e s  coincide,  CODASYL s y n t a x  should be v a l i d  
I P I P  s y n t a x ,   a n d   s e m a n t i c s   a n d   s t a t u s   r e t u r n   c o d e   s h o u l d   b e  
i d e n t i c a l .  

I P I P  c o m p a t i b i l i t y  w i t h  a n t i c i p a t e d   s t a n d a r d s   h a s   s e v e r a l  
a d v a n t a g e s .   I n   t h e   l o n g  term, many s y s t e m s  w i l l  con fo rm t o  t h e  
s t a n d a r d .  I P I P  c o m p a t i b i l i t y   w i t h   s t a n d a r d s  w i l l  f a c i l i t a t e  
c o e x i s t e n c e   w i t h ,   a n d   m i g r a t i o n   f r o m ,   t h e s e   s y s t e m s .  I P I P  
c o m p a t i b i l i t y  w i t h  s t a n d a r d s  w i l l  f a c i l i t a t e   i n c o r p o r a t i o n  of I P I P  
e x t e n s i o n s   f o r   e n g i n e e r i n g   a n d   m a n u f a c t u r i n g   i n t o   p r o d u c t s   b a s e d  
o n   s t a n d a r d s   a n d   i n c o r p o r a t i o n   o f   t h e s e   e x t e n s i o n s   i n t - o   t h e   a c t u a l  
s t a n d a r d s .  

Logical Schema  Language.- An I P I P  l o g i c a l   s c h e m a   d e s c r i b e s   l o g i c a l  
d a t a   s t r u c t u r e s  for  a c o l l e c t i o n   o f   d a t a .  A l o g i c a l   s c h e m a  is 
w r i t t e n   u s i n g   t h e   l o g i c a l   s c h e m a   l a n g u a g e   a n d  i s  c o m p i l e d   b y   t h e  
l o g i c a l  schema   l anguage  compiler. T h e   c o m p i l a t i o n  process r e s u l t s  
i n   v a l i d i t y   c h e c k i n g   o f   t h e   s o u r c e   s c h e m a ,  error r e p o r t i n g ,   a n d  
e n t r y   o f   a n   e n c o d e d   r e p r e s e n t a t i o n   o f   t h e   s o u r c e   s c h e m a   i n t o   t h e  
d a t a   i n v e n t o r y   m a n a g e m e n t   s u b s y s t e m  ( D I M S )  d a t a   b a s e .  

A logical  s c h e m a   m o d e l s   a n   e n t e r p r i s e   i n  terms o f   l o g i c a l  
d a t a   s t r u c t u r e s .   T h u s   t h e   I P I P   l o g i c a l   s c h e m a   l a n g u a g e   c o n t a i n s  
f a c i l i t i e s   f o r   m o d e l i n g  (1) o b j e c t s   d e a l t   w i t h   b y   t h e   e n t e r p r i s e ,  
( 2 )  a t t r i b u t e s   o f   t h e s e  objects,  and  ( 3 )  r e l a t i o n s h i p s   b e t w e e n  
t h e s e  objects. I n   t h i s   c o n n e c t i o n ,   t h e   l o g i c a l   s c h e m a   l a n g u a g e  
c o n t a i n s  f ac i l i t i e s  f o r  d e s c r i b i n g  comparabi l i ty  of a t t r i bu te s  and 
c o n s t r a i n t s   o n   a n d   b e t w e e n   o b j e c t s .   T h e   l o g i c a l   s c h e m a   l a n g u a g e  
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p r o v i d e s  fo r  t h e   d e c l a r a t i o n  of named keys   (composed  of o n e  or 
more a t t r i b u t e s )   t h a t   f i g u r e   i n   t h e   d e c l a r a t i o n  of u n i q u e n e s s  
c o n s t r a i n t s   a n d   i n   d a t a   m a n i p u l a t i o n .   T h e  logical  schema   l anguage  
a l so  p r o v i d e s   f o r   t h e   d e c l a r a t i o n  of s t r u c t u r e s  composed o f  
o b j e c t s   a n d   r e l a t i o n s h i p s   t h a t  may b e   u s e d   ( a l o n g   w i t h   m a p p i n g  
s c h e m a   d e c l a r a t i o n s )  t o  describe objects i n   o t h e r  l og ica l  schemas.  
I n   f u t u r e  releases, t h e s e   s t r u c t u r e s  may be r e f e r e n c e d   i n  I P I P  
d a t a   m a n i p u l a t i o n  commands. 

Examples  of objects modeled  by a l o g i c a l   s c h e m a   d e a l i n g   w i t h  
a i r p l a n e   d e s i g n   i n c l u d e  (1) a i r p l a n e   p e r f o r m a n c e ,   ( 2 ) a i r p l a n e  
c o n f i g u r a t - i o n ,   ( 3 ) p l a n f o r m s ,  ( 4 )  e n g i n e   c h a r a c t e r i s t i c s ,   a n d  ( 5 )  
e n g i n e   p e r f o r m a n c e .  

F i g u r e  7 is a da ta  s t ruc ture  d i a g r a m   t h a t   r e p r e s e n t s   t h e s e  
o b j e c t   t y p e s   b y   r e c t - a n g l e s   a n d   r e l a t i o n s h i p s   b e t w e e n   t h e m  by 
arrows. F i g u r e  8 i n c l u d e s   o c c u r r e n c e   d i a g r a m s   t h a t  descr ibe 
o c c u r r e n c e s   o f   t h e  PERFORMANCE C R I T E R I A  and  CONFIGURATION 
PARAMETERS objects .  R o w s  i n  a t ab l e  r e p r e s e n t   i n d i v i d u a l  objects.  
Columns i n  a t a b l e  r e p r e s e n t   a t t r i b u t e s  of these objects .  The 
i n t e r s e c t i o n  of a row and a column ( a  f i e l d )   c o n t a i n s   t h e   v a l u e   o f  
a n  a t t r i b u t e  f o r  a p a r t i c u l a r  object.  An arrow i n  a da t a  
s t r u c t u r e  d i a g r a m   r e p r e s e n t s  a r e l a t i o n s h i p   b e t w e e n   o n e   o b j e c t   o f  
t h e   t y p e  a t  t h e   h e a d   o f   t h e  arrow a n d   o n e  o r  more objects  of t h e  
t y p e  at. t h e  t a i l  o f   t h e  arrow. The AIRPLANE-CHARACTERISTIC 
r e l a t i o n s h i p   o f   f i g u r e  7 is s u c h  a l : n   t y p e  of r e l a t i o n s h i p  
be tween PERFORMANCE C R I T E R I A  and CONFIGURATION PARAMETERS ob jec ts .  
F i g u r e  8 i l l u s t r a t e s   t h i s   r e l a t i o n s h i p   b e t w e e n   o n e  STOL t y p e  of 
a i r p l a n e   a n d   o n e  STOL a i r p l a n e  ( S T O L 1 )  and   be tween   one  CTOL t y p e  
of a i r p l a n e   a n d  two CTOL a i r p l a n e s  (CTOLl,CTOL2). 

The I P I P  l o g i c a l   s c h e m a   l a n g u a g e   s u p p o r t s   b o t h   t h e   n e t w o r k  
a n d   r e l a t i o n a l  da t a  models a n d ,   f u n c t i o n a l l y ,   t h e   h i e r a r c h i c a l  
d a t a  model. T h e   p r i n c i p a l   d i f f e r e n c e   b e t w e e n   t h e   n e t w o r k   a n d  
r e l a t i o n a l  d a t a  models i s  t h e   s t y l e  u sed  t o  d e s c r i b e   a n d  
m a n i p u l a t e  da ta  f o r   t h e  purpose o f   m o d e l i n g   t h e   e n t e r p r i s e .  For 
example, i n   t h e  CODASYL n e t w o r k   d a t a  model, o b j e c t   t y p e s  a re  
mode led   t h rough  "record" d e c l a r a t i o n s ,   a n d   l : n   r e l a t i o n s h i p s  
between  "owner"   and "member" records are  m o d e l e d   t h r o u g h  "set" 
d e c l a r a t i o n s .  One s p e a k s  of ob jec t s  a s  record o c c u r r e n c e s   a n d  
g r o u p s   o f  objects  re la ted  t.0 e a c h   o t h e r  by a s e t  as s e t  
o c c u r r e n c e s .  Two s e t  o c c u r r e n c e s  a r e  i l l u s t r a t e d  i n   f i g u r e  8,  o n e  
c o r r e s p o n d i n g  t o  a i r p l a n e   t y p e  STOL a n d   o n e   c o r r e s p o n d i n g  t o  
a i r p l a n e   t y p e  CTOL. 

I n   t h e   r e l a t i o n a l  model, t h e r e  are  v a r i o u s   t e r m i n o l o g i e s  
used .  F o r  example ,  ob jec t  t y p e s  are  modeled t h r o u g h   " r e l a t i o n "  or 
" t a b l e "  d e c l a r a t i o n s .  Objec ts  are  r e f e r r e d  t o   a s  " n - t u p l e s "   o f  
t h e   r e l a t i o n  o r  rows o f  a tab le .  I P I P  l a n g u a g e s   u s e   t h e  term 
" r e l a t i o n "   a n d  t r e a t  it as a synonym fo r  " r e c o r d " .   T r a d i t i o n a l l y ,  
r e l a t i o n s h i p s   b e t w e e n   o b j e c t   t y p e s  are u n i f o r m l y   p e r c e i v e d   i n   t h e  
r e l a t i o n a l   d a t a   m o d e l   i n   t h e  impl ic i t  f a s h i o n   o f   c o m p a r i n g   v a l u e s  
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of o b j e c t s   w i t h   c o m p a r a b l e   a t t r i b u t e s .   T h u s   r e l a t i o n s h i p s  a re  n o t  
e x p l i c i t l y   d e c l a r e d  or named. 

A i r p l a n e - c h a r a c t e r i s t i c   r e l a t i o n s h i p s   i n   f i g u r e  8 are 
d e t e r m i n e d   b y   c o r r e s p o n d i n g   v a l u e s   o f   a t t r i b u t e  AIRPLANE TYPE f o r  
PERFORMANCE C R I T E R I A  and  CONFIGURATION PARAMETERS i n   e i t h e r   d a t a  
m o d e l .   T h e   d i f f e r e n c e  is t h a t ,   i n   t h e   n e t w o r k   d a t a   m o d e l ,   t h e  user 
t r a d i t i o n a l l y   p e r c e i v e g   r e l a t i o n s h i p s  as s o m e t h i n g ,   f o r m a l l y  
d e c l a r e d   a n d  named i n  a s c h e m a ,   t h a t  r e la tes  t h e  two a t t r i b u t e s ;  
w h e r e a s ,   t r a d i t i o n a l l y   i n   t h e   r e l a t i o n a l   d a t a   m o d e l ,   t h e   u s e r  
p e r c e i v e s   o n l y   a n  i m p l i c i t  r e l a t i o n s h i p   b e t w e e n  objects t h a t  is 
d e t e r m i n e d   b y   v a l u e s   o f   c o m p a r a b l e  a t t r i b u t e s .  And, 
t r a d i t i o n a l l y ,   i n t e r r e c o r d   d a t a   m a n i p u l a t i o n  commands i n   t h e  
n e t w o r k   d a t a   m o d e l   r e f e r e n c e  sets a n d   c o r r e s p o n d i n g  commands i n  
t h e   r e l a t i o n a l   d a t a   m o d e l  compare a t t r i b u t e s   d i r e c t l y .  

I t  h a s   b e e n   r e c o g n i z e d   t h a t   t h e r e  a re  c o n s t r a i n t s  associated 
w i t h  t h e  ne twork  s e t  c o n s t r u c t   t h a t   s h o u l d   b e   e x p r e s s i b l e   i n   t h e  
r e l a t i o n a l   m o d e l .  These  i n c l u d e   1 : n - n e s s   a n d   w h e t h e r  o r  n o t   a n  
owner m u s t  e x i s t  when a member is  c rea ted .  It- h a s  a l s o  b e e n  
r e c o g n i z e d   t h a t .  named s t r u c t u r e s ,  s u c h  a s  c o n n e c t e d  record set. 
p a t h s ,   f a c i l i t a t e   p e r c e p t i o n   o f   r e l a t i o n s h i p s   a n d   e x p e s s i o n   o f  
d a t a  m a n i p u l a t i o n   s t a t e m e n t s .   R e f e r e n c e  t o  o n e  named s t r u c t u r e  i n  
a d a t a   m a n i p u l a t i o n  command c a n  be much simpler t h a n   s t a t i n g  t h e  
c o n d i t i o n a l   e x p r e s s i o n   d e f i n i n g   t h e  s t r u c t u r e .  Thus I P I P  t a k e s  
t h e   r e l a t i o n a l   c o n c e p t  of f o r e i g n   k e y   t h a t   d e a l s  w i t h  1 :n-ness   and  
p r o v i d e s   f o r   d e c l a r a t i o n   o f  named f o r e i g n   k e y s   t h a t   c a n   b e  
r e f e r e n c e d   i n  da t a  m a n i p u l a t i o n   s t a t e m e n t s .   T h e   s e m a n t i c s   o f   t h e  
ne twork  schema s e t  c o n s t r u c t  are  e m b o d i e d   i n   t h e   s e m a n t i c s   o f  a 
s c h e m a   f o r e i g n   k e y   c o n s t r u c t   u s i n g   s y n t a x   t h a t   h i g h l i g h t s  p a r a l l e l  
s e m a n t i c s  ( a s  a c o n v e n i e n c e  t o  those who must .  dea l  w i t h   b o t h  da t a  
models) .  The I P I P  d a t a  m a n i p u l a t i o n   l a n g u a g e  permits r e f e r e n c e  t o  
f o r e i g n   k e y s .  

On t h e  other  h a n d ,   t h e   a b i l i t y   o f   r e l a t i o n a l   d a t a  
m a n i p u l a t i o n   l a n g u a g e s  t o  p e r f o r m   i n t e r r e c o r d   o p e r a t i o n s   i n   t h e  
a b s e n c e   o f   p r e d e c l a r e d   r e l a t i o n s h i p s  is  r e c o g n i z e d  t o  b e   v e r y  
u s e f u l .   H e n c e   i n   f u t - u r e  releases, t h e  I P I P  data  m a n i p u l a t i o n  
l a n g u a g e  w i l l  permit i n t e r r e c o r d   o p e r a t i o n s   t h r o u g h   c o m p a r i s o n   o f  
a t t r i b u t e s  a s  well  as  t h r o u g h   r e f e r e n c e  t o  sets. T h a t  is, o n e  
m i g h t  s e l e c t  o b j e c t   o c c u r r e n c e s   v i a   t h e  AIRPLANE-CHARACTERISTIC 
s e t  o r  f o r e i g n   k e y  o r ,  e q u i v a l e n t l y ,   w h e r e  AIRPLANE TYPE OF 
PERFORMANCE CRITERIA EQUALS A I R P L A N E  TYPE OF CONFIGURATION 
PARAMETERS. 

I P I P  a l so  p r o v i d e s   f o r   t h e   d e c l a r a t i o n   o f   d o m a i n s  t h a t  are  
o f f e r e d   b y  some r e l a t i o n a l   s y s t e m s  t o  e s t a b l i s h   c o m p a r a b i l i t y  of 
a t t r i b u t e s .  (Some r e l a t i o n a l   s y s t e m s  base a t t r i b u t e   c o m p a r a b i l i t y  
o n   d a t a   t y p e   c o m p a r a b i l i t y . )  

The I P I P  DATA MODEL s c h e m a   c l a u s e   g o v e r n s   w h e t h e r   t h e   s c h e m a  
is n e t w o r k  or r e l a t i o n a l  o r  a m i x t u r e   o f   b o t h .   I f  NETWORK is 
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s p e c i f e d ,   t h e n   t h e   f o r e i g n   k e y   c o n s t r u c t  may n o t  be d e c l a r e d .  If 
RELATIONAL is specified,  t h e n   t h e  s e t  c o n s t r u c t  may n o t  be 
d e c l a r e d .  Domain d e c l a r a t i o n s  are  a l l o w e d   i n   e i t h e r  case. 
I n t e r r e c o r d   o p e r a t i o n s   b a s e d   o n   a t t r i b u t e   c o m p a r i s o n  are p e r m i t t e d  
i n   e i t h e r  case. RECORD and  RELATION are synonyms  and may b e  used 
i n t e r c h a n g e a b l y .  

A t t r i b u t e s  a re  modeled t h r o u g h   d a t a  item d e c l a r a t i o n s   i n   t h e  
I P I P  l o g i c a l   s c h e m a   l a n g u a g e .   T h e   d a t a  type o f  a d a t a  item may be 
d e c l a r e d   d i r e c t l y   i n  a d a t a  item d e c l a r a t i o n  o r  i n d i r e c t l y   t h r o u g h  
. r e f e r e n c e   i n   t h e  da t a  item d e c l a r a t i o n  to  a d o m a i n   d e c l a r a t i o n .  
Naming c o n v e n t i o n s   a n d   s y n t a x  fo r  d a t a  item d e c l a r a t i o n s   c o n f o r m  
t o  t h e   p r o g r a m m i n g   l a n g u a g e   s p e c i f i e d   i n   t h e   s c h e m a  HOST LANGUAGE 
clause.  

The I P I P  l o g i c a l   s c h e m a   l a n g u a g e   p r o v i d e s   f o r   t h e   d e c l a r a t i o n  
o f  named l o g i c a l   k e y s   c o m p o s e d   o f   o n e  o r  more d a t a  items. Keys 
may b e   d e c l a r e d  t o  be u n i q u e ,   a l t h o u g h   e n f o r c e m e n t   o f   t h i s  
c o n s t r a i n t  is  d e f e r r e d  t o  a f u t u r e  release.  Data m a n i p u l a t i o n  
commands may r e f e r e n c e   k e y s   b y   n a m e ,  or may r e f e r e n c e   d a t a  items 
t h a t .  a re  c o n t a i n e d   i n  a k e y   d e c l a r a t i o n .  Key items m u s t  map t o  
key  items i n   u n d e r l y i n g   l o g i c a l  or i n t e r n a l   s c h e m a s .   I n  t h i s  way, 
da t a  m a n i p u l a t i o n  commands are res t r ic ted  t o  items t h a t  are 
suppor ted  b y   i n d e x e s   s p e c i f i e d   i n   a n   i n t e r n a l   s c h e m a .  

The I P I P  l o g i c a l   s c h e m a   l a n g u a g e   p r o v i d e s  fo r  t h e   d e c l a r a t i o n  
o f   s t r u c t u r e s  composed o f   o b j e c t s   a n d   r e l a t i o n s h i p s  (records and  
s e t s ) .  Mapping  schema f a c i l i t i e s  may be used  t o  map a l o g i c a l  
s c h e m a   r e c o r d   o n t o  a s t r u c t u r e - d e c l a r e d   r e c o r d   i n   a n   u n d e r l y i n g  
l o g i c a l   s c h e m a .   I n   f u t u r e  releases,  l o g i c a l   s c h e m a   s t r u c t u r e  
d e c l a r a t i o n s  may be r e f e r e n c e d   b y  I P I P  d a t a   m a n i p u l a t i o n  commands. 

Logical schema s t ruc tures ,  a g e n e r a l - p u r p o s e   m o d e l i n g  
f a c i l i t y ,  were i n c l u d e d   i n   e a r l y  re leases  o f  I P I P  t o  s a t i s f y  
g e o m e t r y   p r o c e s s i n g  requirements. For example ,  a SEGMENT l o g i c a l  
record i n  a geomet ry -o r i en ted   s chema  i s  mapped t o  o n e  o r  more 
o c c u r r e n c e s   o f  r e l a t ed  v e c t o r   a n d   v e r t e x  records ( a n d   o t h e r s )   i n  
a n   u n d e r l y i n g   l o g i c a l   s c h e m a .   T h i s   t e c h n i q u e  allows a b a s e - l e v e l  
l o g i c a l   s c h e m a   m o d e l   o f   g e o m e t r y   t h a t  w i l l  e v e n t u a l l y  suppor t  a 
v a r i e t y   o f  l o g i c a l  v i e w s   t h r o u g h   i n t e r s c h e m a   m a p p i n g s .  A l s o ,  
s i n c e   a n   o c c u r r e n c e   o f  a u s e r - v i s i b l e   r e c o r d   c o r r e s p o n d s  t o  
s e v e r a l   o c c u r r e n c e s   o f   u n d e r l y i n g  records,  a s i n g l e   u s e r - s p e c i f i e d  
da t a  m a n i p u l a t i o n  command a g a i n s t   t h e   f o r m e r  is  t r a n s l a t e d   i n t o  
s e v e r a l  commands a g a i n s t   t h e  l a t t e r .  More work is pe r fo rmed  per 
u s e r  command a g a i n s t   t h e   h i g h e r - l e v e l  ob jec t s .  User p r o d u c t i v i t y  
a n d   s y s t e m   p e r f o r m a n c e  a r e  e n h a n c e d   a c c o r d i n g l y .  (See r e f e r e n c e  7 
f o r  a more d e t a i l e d   d i s c u s s i o n  of t h e  u s e  of s t r u c t u r e  f o r  
g e o m e t r y   p r o c e s s i n g . )  

E a r l y  releases o f  I P I P  software w i l l  process s t r u c t u r e -   a n d  
n o n s t r u c t u r e - d e f i n e d   r e c o r d s   s e p a r a t e l y .   S t r u c t u r e - d e f i n e d   r e c o r d  
p r o c e s s i n g   p r o v i d e s  some f e a t u r e s   n o t   p r o v i d e d   b y   n o n s t r u c t u r e -  
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d e f i n e d   r e c o r d   p r o c e s s i n g .  For e x a m p l e ,   s t r u c t u r e - d e f i n e d   r e c o r d  
p r o c e s s i n g   s u p p o r t s   t h e  CODASYL  SOURCE f a c i l i t y  f o r  d e r i v e d  items 
a n d   p r o p a g a t e d   d e l e t i o n  of r e c o r d s .   I n   k e e p i n g   w i t h  I P I P  
p h i l o s o p h y ,   f u t u r e  releases w i l l  i n t e g r a t e   s o f t w a r e   a n d  
f u n c t i o n a l i t y  fo r  s t r u c t u r e  a n d   n o n s t r u c t u r e   p r o c e s s i n g .  

F u t u r e  releases o f   t h e  I P I P  l o g i c a l   s c h e m a   l a n g u a g e  w i l l  
p r o v i d e   f o r   d e c l a r a t i o n   a n d   e n f o r c e m e n t   o f   c o n s t r a i n t s   o n   a n d  
be tween objects. 

I n t e r n a l  Schema  Language.- An I P I P  i n t e r n a l   s c h e m a   d e s c r i b e s  
p h y s i c a l   d a t a   s t r u c t u r e s  t o  s u p p o r t   t h e   l o g i c a l   d a t a   s t r u c t u r e s   o f  
a l o g i c a l   s c h e m a .  An i n t e r n a l   s c h e m a  i s  w r i t t e n   u s i n g   t h e  
i n t e r n a l   s c h e m a   l a n g u a g e   a n d  is c o m p i l e d   b y   t h e   i n t e r n a l   s c h e m a  
l a n g u a g e  compiler. T h e   c o m p i l a t i o n  process r e s u l t s   i n   v a l i d i t y  
c h e c k i n g   o f   t h e   s o u r c e   s c h e m a ,  e r ro r  r e p o r t i n g ,   a n d   e n t r y   o f   a n  
e n c o d e d   r e p r e s e n t a t i o n   o f   t h e   s o u r c e   s c h e m a   i n t o   t h e  DIEIS d a t a  
b a s e .  

The i n t e r n a l   s c h e m a   l a n g u a g e   o v e r l a p s  t h a t  o f   t h e   l o g i c a l  
s chema   l anguage  t o  t h e   g r e a t e s t  p r a c t i c a l  e x t e n t  t o  m i n i m i z e   t h e  
amount   o f  I P I P  s c h e m a   l a n g u a g e   w i t h   w h i c h   t h e   a d m i n i s t r a t o r  m u s t  
d e a l .   T h u s   t h e   l o g i c a l   a n d   i n t e r n a l   s c h e m a   l a n g u a g e s   u s e  t h e  same 
l a n g u a g e   c o n s t r u c t s  t o  declare p h y s i c a l  o r  s t o r a g e  records 
( r e l a t i o n s ) ,  d a t a  items, domains ,   and   keys .  

C o n s t r a i n t s   a n d   r e l a t i o n s h i p s  a re  n o t   d e c l a r e d   i n   a n   i n t e r n a l  
s chema .   Domain   dec l a ra t ions  a re  u s e d   o n l y  t o  f a c i l i t a t e  da ta  item 
d e c l a r a t i o n .  The c o m p a r a b i l i t y   s e m a n t i c s   o f  t h e  d o m a i n   c o n s t r u c t  
d o   n o t   a p p l y   i n   t h e   i n t e r n a l   s c h e m a   l a n g u a g e .  Key d e c l a r a t i o n s  
a re  l i m i t e d  t o  o n e   d a t a  item i n   t h e   i n t e r n a l   s c h e m a   l a n g u a g e .  

T h e   i n t e r n a l   s c h e m a   l a n g u a g e  a l s o  i n c l u d e s   f a c i l i t i e s   f o r  
d e c l a r i n g   a n d   c o n f i g u r i n g   s t o r a g e  areas a n d   f o r   m a p p i n g   t h e m   o n t o  
o p e r a t i n g   s y s t e m   f i l e s .   B l o c k   s i z e s   f o r   s t o r a g e  areas may b e  
d e c l a r e d   a l o n g   w i t h   t h e   i n i t i a l   n u m b e r  of blocks a n d   e x p a n s i o n  
f a c t o r s .  A l s o  i n c l u d e d  a r e  f a c i l i t i e s   f o r   m a p p i n g   i n t e r n a l   s c h e m a  
r e c o r d s   ( r e l a t i o n s )   a n d   d a t a  item i n d e x e s   a n d   o t h e r   s u p p o r t i n g  
p h y s i c a l  s t ructures  t o  storage areas .  

Mapping  Schema  Language.- An I P I P  mapp ing   s chema   con ta ins  
s t a t e m e n t s   t h a t  map d a t a   s t r u c t u r e s   o f  a l o g i c a l   s c h e m a   o n t o   d a t a  
s t r u c t u r e s   o f   o n e  or more u n d e r l y i n g   l o g i c a l   a n d / o r   i n t e r n a l  
schemas .  A mapping  schema is w r i t t e n   u s i n g   t h e   m a p p i n g   s c h e m a  
l anguage   and   compi l ed   by   t he   mapp ing   s chema   l anguage  compiler. 
T h e   c o m p i l a t i o n  process r e s u l t s   i n   v a l i d i t y   c h e c k i n g  of t h e   s o u r c e  
schema,  error r e p o r t i n g ,   a n d   e n t r y   i n t o   t h e  DIMS d a t a   b a s e   o f  
b i n d i n g s   o f   u p p e r   s c h e m a   c o n s t r u c t s  t o  lower s c h e m a   c o n s t r u c t s .  
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T h e   m a p p i n g   s c h e m a   l a n g u a g e   i n c l u d e s   f a c i l i t i e s   f o r   m a p p i n g  
(1) r e c o r d s / r e l a t i o n s  t o  r e c o r d s ,   r e l a t i o n s ,  or s t r u c t u r e s ;  ( 2 )  
s e t s / f o r e i g n   k e y s  t o  sets or  f o r e i g n   k e y s ;   a n d  ( 3 )  d a t a  items to  
d a t a  items. 

The  names of records, r e l a t i o n s ,  sets, f o r e i g n   k e y s ,   a n d   d a t a  
items may d i f f e r   b e t w e e n   u p p e r   a n d  lower s c h e m a s .   S i m i l a r l y ,   t h e  
h o s t   l a n g u a g e  may d i f f e r .   T h e  da t a  model may d i f f e r   b e t w e e n   u p p e r  
and lower l o g i c a l   s c h e m a s .  

Data Manipula t ion   Language . -  I P I P  d a t a  m a n i p u l a t i o n  commands a re  
e x p e s s e d   i n   s t a t e m e n t s   o f  a s i n g l e   d a t a   m a n i p u l a t i o n   l a n g u a g e   t h a t  
may b e  u s e d  e i t h e r   i n   a p p l i c a t i o n   p r o g r a m s  or i n   i n t e r a c t i v e  
a p p l i c a t i o n s  a t  a t e r m i n a l .  

Data m a n i p u l a t i o n  commands i n   a n   a p p l i c a t i o n   p r o g r a m  are  
p r o c e s s e d   b y  a d a t a   m a n i p u l a t i o n   p r e c o m p i l e r .   T h e   p r e c o m p i l a t i o n  
p r o c e s s   r e s u l t s   i n   v a l i d i t y   c h e c k i n g  of da t a  m a n i p u l a t i o n  
s t a t e m e n t s ,  error r e p o r t i n g ,   c o n v e r s i o n  of source da ta  
m a n i p u l a t i o n   s t a t - e m e n t - s   i n t o   c o m m e n t s ,   a n d   g e n e r a t i o n   o f   h o s t  
l a n g u a g e   a s s i g n m e n t .   s t a t e m e n t s   a n d  c a l l  statements. The 
p r e c o m p i l e r  a l so  g e n e r a t e s   h o s t   l a n g u a g e   c o m m u n i c a t i o n  area 
d e c l a r a t i o n s   c o r r e s p o n d i n g  t o  r e c o r d   a n d  item d e c l a r a t i o n s   i n   t h e  
schemas   invoked   by   the   p rogram.   The  precompiler e n t e r s  i n t o  t h e  
D I M S  d a t a  b a s e  a b i n d i n g  of t h e   d a t a   m a n i p u l a t i o n  command t o  t h e  
schema  aga ins t .   which  it is  w r i t - t e n .  

The   precompi led   p rogram is t h e n  compiled u s i n g   t h e   h o s t  
l a n g u a g e   c o m p i l e r .   D a t a   m a n i p u l a t i o n  commands w i t h i n   t h e   p r o g r a m  
w i l l  b e   f u l l y   b o u n d  t o  t h e   i n t e r n a l   s c h e m a   b e f o r e   t h e i r   e x e c u t i o n .  
B i n d i n g   o p t i o n s   p r o v i d e d   b y  I P I P  are d i s c u s s e d  i n  a l a t e r  s e c t i o n  
o f   t h i s   p a p e r .  

D a t a   m a n i p u l a t i o n  commands i n   a n   i n t e r a c t i v e   a p p l i c a t i o n  a r e  
p r o c e s s e d  by t h e  I P I P  q u e r y   p r o c e s s o r .   T h i s   p r o c e s s i n g  r e s u l t s  i n  
v a l i d i t y   c h e c k i n g   o f   d a t a   m a n i p u l a t i o n   s t a t e m e n t s ,  e r ro r  
r e p o r t i n g ,   f u l l   b i n d i n g   o f   t h e  d a t a  m a n i p u l a t i o n  command t o  a n  
i n t e r n a l  schema, a n d   t h e n   i n i t i a t i o n   o f  command e x e c u t i o n .  

The I P I P  d a t a  m a n i p u l a t i o n   l a n g u a g e   p r o v i d e s   t h e   f o l l o w i n g  
f a c i l i t i e s :  

1. INVOKE (o r  s i g n i f y )  o n e  o r  more l o g i c a l   s c h e m a s   a g a i n s t  w h i c h  
o t h e r  commands a r e  w r i t t e n  

2. OPEN s c h e m a s   a g a i n s t   w h i c h  commands a r e  t o  be e x e c u t e d  

3. CLOSE schemas 

4 .  ACCESS ( o r  l o c k )  record t y p e s ,  da t a  sets ,  a n d   t h e i r  
i n t e r s e c t i o n s   f o r   r e t r i e v a l  or u p d a t e  o p e r a t i o n s  
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5. 

6. 

7. 

8 .  

9. 

10 .  

11. 

12. 

F I N D  (o r  1 o c a t e ) r e c o r d   o c c u r r e n c e s   u s i n g   v a r i o u s   s e l e c t i o n  
c r i t e r i a  

GET (or  r e t r i e v e )  a r e c o r d   l o c a t e d   b y  a p r e v i o u s  FIND command 

FETCH (or  locate  a n d   r e t r i e v e )  a r e c o r d  as i n  a FIND/GET 
combination 

STORE a r e c o r d  

MODIFY a r e c o r d  or m u l t i p l e  r e c o r d s ,  as s p e c i f i e d  by a 
s e l e c t i o n   e x p r e s s i o n  

DELETE a r e c o r d  o r  m u l t i p l e   r e c o r d s ,  as  s p e c i f i e d   b y  a 
s e l e c t i o n   e x p r e s s i o n  

REMOVE (or  d e l e t e )  a record or m u l t i p l e   r e c o r d s  a s  s p e c i f i e d  
by a s e l e c t i o n   e x p r e s s i o n   w i t h   r e s t r i c t e d   p r o p a g a t i o n  of 
d e l e t i o n .  (REMOVE is res t r ic ted  t o  s t r u c t u r e - d e f i n e d   r e c o r d s  
i n   e a r l y  releases. ) 

COPY a record p r o d u c i n g   a n o t h e r   w h i c h  is i d e n t i c a l   e x c e p t   f o r  
u n i q u e   k e y   v a l u e s .  ( C O P Y  is  r e s t r i c t e d  t o  s t r u c t u r e - d e f i n e d  
r e c o r d s   i n   e a r l y  releases.)  

CODASYL c u r r e n c y   i n d i c a t o r s  a re  m a i n t a i n e d  t o  suppor t  
t r a d i t i o n a l  CODASYL s t y l e   n e t w o r k   t r a v e r s a l .  Most CODASYL o p t i o n s  
are  s u p p o r t e d   f o r  t.he F I N D ,  GET,  STORE, DELETE,  and MODIFY 
o p e r a t i o n s .   T h e  FETCH o p e r a t i o n  is  a n  I P I P  e x t e n s i o n  t o  CODASYL. 
T h e   m u l t i p l e  record o p t i o n s   f o r   t h e  MODIFY and DELETE o p e r a t i o n s  
a re  I P I P  e x t e n s i o n s  t o  CODASYL. M u l t i p l e  r e c o r d   r e t r i e v a l  
o p e r a t i o n s  a r e  i n t e n d e d   f o r   f u t u r e  releases.  

A n o t h e r  I P I P  e x t e n s i o n  t o  CODASYL is t h e  p r o v i s i o n   f o r  
m u l t i p l e  cursors.  Upon e x e c u t i o n   o f  a l o c a t i o n  command 
( F I N D / F E T C H )  i n   w h i c h  a s e l e c t i o n   e x p r e s s i o n  (WHERE, U S I N G ,  o r  K E Y  
p h r a s e )  is s p e c i f i e d ,  a f i n d   f i l e  i s  c o n s t r u c t e d   a n d  associated 
w i t h   t h e   c u r s o r   n u m b e r   s p e c i f i e d   i n   t h e  u s e r  command.  The f i n d  
f i l e  c o n t a i n s  locators f o r  q u a l i f y i n g   r e c o r d   o c c u r r e n c e s .  
L o c a t i o n   o p e r a t i o n s   w i t h o u t   s e l e c t i o n  c r i t e r i a  c a u s e   r e p o s i t i o n i n g  
w i t h i n   t h e   f i n d   f i l e  associated w i t h   t h e   c u r s o r   n u m b e r   i n   t h e   u s e r  
command. R e t r i e v a l   o p e r a t i o n s  (GET/FETCH) c a u s e   t h e   c u r r e n t l y  
i d e n t i f i e d  record o c c u r r e n c e   w i t h i n   t h e   f i n d  f i l e  a s s o c i a t e d   w i t h  
t h e   c u r s o r   n u m b e r   i n   t h e   u s e r  command to  b e   d e l i v e r e d  t o  t h e  
a p p l i c a t i o n .   T h e   m u l t i p l e   c u r s o r   c a p a b i l i t y  permits more t h a n   o n e  
f i n d   f i l e  t o  b e   m a i n t a i n e d   c o n c u r r e n t l y   f o r  a s i n g l e   r e c o r d   t y p e .  
T h i s  is v e r y   u s e f u l   i n   a p p l i c a t i o n s  s u c h  a s  t h e  par t s  e x p l o s i o n  
a p p l i c a t i o n ,   w h e r e   t h e r e  is r e c u r s i v e   p r o c e s s i n g   o n   t h e  same 
r e c o r d   t y p e .  

The I P I P  d a t a   m a n i p u l a t i o n   l a n g u a g e  supports i n t e r r e c o r d  
o p e r a t i o n s   i n   t h e  CODASYL n e t w o r k   s t y l e   o f   r e f e r e n c i n g  sets which  
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r e l a t e  records. I n   f u t u r e  releases, t h e  data m a n i p u l a t i o n  
l a n g u a g e  w i l l  s u p p o r t   i n t e r r e c o r d   o p e r a t i o n s   v i a   t h e   r e l a t i o n a l  
s t y l e   o f   c o m p a r i n g   d a t a  items. I n   t h e   e x a m p l e s   s h o w n   i n  
f i g u r e s  7 and  8,  o n e   m i g h t  s e l e c t  r e c o r d   o c c u r r e n c e s   v i a   t h e  
AIRPLANE-CHARACTERISTIC s e t  or f o r e i g n   k e y  o r ,  e q u i v a l e n t l y ,   w h e r e  
AIRPLANE TYPE  OF PERFORMANCE C R I T E R I A  EQUALS AIRPLANE TYPE OF 
CONFIGURATION PARAMETERS. 

I n t e g r a t i o n   o f   F u n c t i o n a l i t y   a n d   S o f t w a r e  

I P I P  stresses i n t e g r a t i o n  of f u n c t i o n a l i t y   i n  terms o f  (1) 
u n i f o r m i t y   o f   u s e r   l a n g u a g e s ,   ( 2 )   c o m m o n a l i t y  of c a p a b i l t i e s  
o f f e r e d  a t  d i f f e r e n t   u s e r   i n t e f a c e s ,   a n d  ( 3 )  a n   i n t e g r a t e d  
s o f t w a r e   a r c h i t e c t u r e .  A s  d i s c u s s e d   i n   p r e v i o u s   s e c t i o n s ,   u s e r  
l a n g u a g e s   r e f l e c t   i n t e g r a t i o n   t h r o u g h   t h e   u n i f i e d   a p p r o a c h  t o  d a t a  
models a n d   h o s t   l a n g u a g e s ,  a s i n g l e   l o g i c a l   s c h e m a   l a n g u a g e ,  a 
s i n g l e   m a p p i n g   s c h e m a   l a n g u a g e ,  a s i n g l e  data  m a n i p u l a t i o n  
l a n g u a g e ,   a n d   c o m m o n a l i t y   b e t w e e n   t h e   i n t e r n a l   a n d   l o g i c a l   s c h e m a  
l a n g u a g e s .  

Much o f   t h i s   f u n c t i o n a l   i n t e g r a t i o n  is  based o n   t h e  
o b s e r v a t i o n   o f   t h e   c o m m o n a l i t y   i n   f u n c t i o n s   o f f e r e d  a t  d i f f e r e n t  
l e v e l s   i n   m u l t i p l e - l e v e l   d a t a   a r c h i t e c t u r e s .   T h i s   c o m m o n a l i t y  is 
o b s c u r e d   i n  most s y s t e m s   b y   t h e   u s e   o f   d i f f e r e n t   l a n g u a g e s  a t  e a c h  
l e v e l ,   e . g . ,   t h r e e - s c h e m a   l a n g u a g e s   a n d   v a r i o u s   d a t a   m a n i p u l a t i o n  
l a n g u a g e s .  Also, a p a r t i c u l a r  c a p a b i l i t y  may b e   f o u n d  a t  s e l e c t e d  
l e v e l s   i n   o n e   s y s t e m   a n d  a t  d i f f e r e n t   l e v e l s   i n   a n o t h e r   s y s t e m .  

T h e   e x a m p l e   o f   f i g u r e  9 i l l u s t r a t e s   f u n c t i o n a l   c o m m o n a l i t y  
across t h e  I P I P  d a t a  a r c h i t e c t u r e .   T h i s   c o m m o n a l i t y  i s  e x h i b i t e d  
b y   t h e   s t o r a g e  schema/schema/subschema/ DML d a t a   a r c h i t e c t u r e   o f  
CODASYL. A t  e a c h   l e v e l  of r e c t a n g l e ,   i n c l u d i n g   . t h a t   o f  d a t a  
m a n i p u l a t i o n   ( a p p l i c a t i o n ) ,  a record is d e c l a r e d .  And a t  e a c h  
l e v e l   o f   d i a m o n d ,   i n c l u d i n g   t h a t   o f   d a t a   m a n i p u l a t i o n ,  t h e  same 
t y p e   o f   m a p p i n g   ( p r o j e c t i o n )  is  u s e d .  

Record  EP2 a t  t h e   b a s e   l o g i c a l   l e v e l  is t h e  ENGINE 
PERFORMANCE record o f   f i g u r e  8. I t  is t h e   p r o j e c t i o n   o f   d a t a  
items 3 ,  4, 5,  6 ,  7 ,  and  8 o f  record E P 1  a t  t h e   i n t e r n a l   s c h e m a  
l e v e l .  Note t h a t  E P 1  c o n t a i n s  two i m p l e m e n t a t i o n - o r i e n t e d   d a t a  
items (RECORD CODE and RECORD L E N G T H ) .  S i m i l a r l y ,   r e c o r d  EP3 is 
t h e   p r o j e c t i o n   o f  da t a  items 1, 2 ,  3 ,  and  4 o f  EP2 .  And, a t  t h e  
a p p l i c a t i o n   l e v e l ,  a d a t a  m a n i p u l a t i o n  command r e q u e s t s  d a t a  items 
1, 2 ,  and  4 of E P 3 .  T h i s  is  e q u i v a l e n t t o  imp l i c i t  d e c l a r a t i o n   o f  
a record, E P 4 ,  which  i s  t h e   p r o j e c t i o n   o f  d a t a  items 1, 2 ,  and 4 
o f  EP3. 

I t  is u s u a l l y   t h e  case, as  i n   t h i s   e x a m p l e ,   t h a t  a f u n c t i o n  
a v a i l a b l e  a t  o n e   l e v e l   o f   t h e   d a t a   a r c h i t e c t u r e  is  u s e f u l  a t  t h e  
o t h e r s .  I P I P  t a k e s   s y m m e t r y  of f u n c t i o n a l  c apab i l i t i e s  across t h e  
d a t a   a r c h i t e c t u r e ,  to  t h e   e x t e n t   u s e f u l ,  a s  a p r i n c i p a l   o b j e c t i v e .  
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F u n c t i o n a l  symmetry promotes c o n v e n i e n c e ,   b e c a u s e   t h e   u s e r   d o e s  
n o t  remember w h i c h   f u n c t i o n s  are a v a i l a b l e  a t  w h i c h , i n t e r f a c e s .  
F u n c t i o n a l  symmetry o f f e r s   o t h e r   a d v a n t a g e s .  For example ,  it 
would have b e e n  possible t o  ob ta in  EP4 t h r o u g h  a p r o j e c t i o n  of data  
items of EP2. However, t h r o u g h  t h e  u s e  of p r o j e c t i o n  between 
l o g i c a l   s c h e m a s ,   t h e   p e r s o n   d e v e l o p i n g   t h e   a p p l i c a t i o n  is  s h i e l d e d  
f r o m   u n n e c e s s a r y   d e t a i l s  ( a  s i m p l i f i c a t i o n )   a n d   p o t e n t i a l   s e c u r i t y  
problems are  a v o i d e d .  

I P I P  t a k e s   a d v a n t a g e   o f   f u n c t i o n a l   s y m m e t r y   t h r o u g h   u s e   o f  a 
h i g h l y   i n t e g r a t e d   m e t a d a t a   d a t a   b a s e   ( t h e  D I M S  d a t a  base) a n d  
software a r c h i t e c t u r e .   T h e   s o f t w a r e   a r c h i t e c t u r e  is d e s c r i b e d   i n  
a l a t e r  s e c t i o n   o f   t h i s  paper. F i g u r e  1 0  p r e s e n t s  a s i m p l i f i e d  
a b s t r a c t i o n  of the D I M S  data  base t o  i l lus t ra te  I P I P  strategies fo r  
f u n c t i o n a l   a n d   s o f t w a r e   i n t e g r a t i o n .  

I n   f i g u r e  1 0  w e  see i n   t h e  top row o f  c i r c l e s  t h a t   t h e  
d e c l a r a t i o n s  of r e c o r d s  EP1,   EP2,   EP3,  and  EP4 are  r e p r e s e n t e d   i n  
DIMS i n   e x a c t l y   t h e  same way .   The   do t t ed  c i r c l e  f o r  EP4 i n d i c a t e s  
t h a t   i n  t.he f i r s t  release I P I P  c o n s t r u c t s   t h e  metadata d e s c r i b i n g  
t h e   d e c l a r a t i o n   o f  EP4 b u t  does n o t  s tore it on  D I M S .  Metadata i n  
t h e   f i r s t  row is g e n e r a t e d   t h r o u g h   c o m p i l a t i o n   o f   a n   i n t e r n a l  o r  
l o g i c a l   s c h e m a  o r  by t h e   p r o c e s s i n g   o f  a d a t a   m a n i p u l a t i o n  command 
b y   t h e  precompiler o r  q u e r y  processor. S i n c e   t h e   m e t a d a t a  is 
i d e n t i c a l   i n  each case, common s e m a n t i c   r o u t i n e s  a re  u s e d   b y   t h e  
i n t e r n a l   a n d   l o g i c a l   s c h e m a  compilers, t h e  precompiler, a n d   t h e  
q u e r y  processor to  s u p p o r t   d e c l a r a t i o n .  

The   s econd  row o f  c i rc les  i l l u s t r a t e s   m e t a d a t a   t h a t   l i n k s  o r  
b i n d s   a d j a c e n t   l e v e l s   i n   t h e   d a t a   a r c h i t e c t u r e .   ( T h e   e x a m p l e   o f  
f i g u r e  9 is u s e d   h e r e . )   T h e   d o t t e d  c i r c l e  i n   t h e   s e c o n d  row 
i n d i c a t e s   t h a t  t h i s  b i n d i n g   i n f o r m a t i o n  is  n e v e r   a c t u a l l y  
c o n s t r u c t e d .  C i r c l e s  i n  t h e  s e c o n d  row a re  g e n e r a t e d   b y  
c o m p i l a t i o n  of a mapping  schema or  by t h e  p r o c e s s i n g   o f  a d a t a  
m a n i p u l a t i o n  command by t h e  precompiler o r  q u e r y  processor. S i n c e  
t h i s   b i n d i n g  metadata is t h e  same i n   e a c h  case, common s e m a n t i c  
r o u t i n e s  are  used  by the   mapp ing   s chema  compiler, t h e  precompiler, 
a n d   t h e   q u e r y  processor t o  s u p p o r t   m a p p i n g .  

The c i rc les  i n   t h e   t h i r d  row r e p r e s e n t   b i n d i n g   i n f o r m a t i o n  
i d e n t i c a l  t o  t h a t   i n   t h e   s e c o n d  row. Circles a t  t h i s   l e v e l  
r e p r e s e n t   t h e   c o m p o s i t i o n  of t w o  a d j a c e n t   m a p p i n g s   a n d   t h e r e f o r e  
b i n d   a l t e r n a t i n g   l e v e l s   i n  t h e  a r c h i t e c t u r e .   B i n d i n g  software 
m e r g e s  t w o  s e c o n d - l e v e l  c i rc les  t o  o b t a i n  a t h i r d - l e v e l  c i rc le .  
A l l  t h i r d - l e v e l  c i r c l e s  are  b u i l t  b y   t h e  same b i n d i n g   r o u t i n e s .  
S i m i l a r l y ,   t h e  same b i n d i n g   s o f t w a r e  i s  u s e d  t o  p r o d u c e  t h e  
b i n d i n g   i n f o r m a t i o n   i n   t h e   f o u r t h  row. 

The   u se  of common s e m a n t i c   r o u t i n e s   a n d  common b i n d i n g  
r o u t i n e s  promotes c o m p a c t n e s s   i n   t h e  I P I P  s o f t w a r e   s u p p o r t i n g   a n  
A N S I - l i k e   t h r e e - s c h e m a   d a t a   a r c h i t e c t u r e ,   w h i l e   p r o v i d i n g   s u p p o r t  
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( t h r o u g h   r e p e a t e d   a p p l i c a t i o n )  fo r  t h e   g e n e r a l i z e d   n - l e v e l   I P I P  
d a t a   a r c h i t e c t u r e .  

T h e   u n i f o r m i t y  of DIMS t a b l e s  permits t h e   u s e  of common 
s o f t w a r e   f o r   o t h e r   f u n c t i o n s .   F o r   e x a m p l e ,  software t h a t  reports 
where  a d e c l a r a t i o n  a t  l e v e l  m i n   t h e   a r c h i t e c t u r e  is  u s e d  a t  
l e v e l  m+l may b e   u s e d   f o r   a n y  two a d j a c e n t   l e v e l s .   T h i s  i s  t r u e  
e v e n  f o r  t h e   a p p l i c a t i o n   l e v e l  i f  a p p l i c a t i o n   m e t a d a t a  is s t o r e d  
i n  DIMS. 

R e f e r e n c e  8 d i s c u s s e s   i n t e g r a t i o n  of f u n c t i o n a l i t y   a n d  its 
a p p l i c a t i o n  t o  d e s i g n  of s o f t w a r e   f o r   d a t a   b a s e   m a n a g e m e n t  
s y s  tems. 

B i n d i n g  

I n  a m u l t i p l e - l e v e l   d a t a   a r c h i t e c t u r e ,  a d a t a   m a n i p u l a t i o n  
command m u s t   u l t i m a t e l y   b e   r e s o l v e d   i n  terms o f   u n d e r l y i n g   s c h e m a  
d e c l a r a t i o n s   b e f o r e  it c a n   b e   e x e c u t e d .  One may t h i n k   o f   t h e  
process of b i n d i n g  as  o n e   o f   r e c u r s i v e   s u b s t i t u t i o n   o f  
d e c l a r a t i o n s .   B i n d i n g   o f  a d a t a   m a n i p u l a t i o n  command a g a i n s t  a 
l o g i c a l   s c h e m a   r e c o r d  t o  a n   i n t e r n a l   s c h e m a  permits t r a n s l a t i o n  a t  
e x e c u t i o n  time o f   t h i s  command i n t o   o n e  o r  more o p e r a t i o n s   a g a i n s t  
i n t e r n a l   s c h e m a   r e c o r d s .  

A s  d i s c u s s e d   i n   t h e   p r e v i o u s   s e c t i o n ,   t h e  c i r c l e s  i n  rows 2 ,  
3 ,  and 4 ( f i g .  1 0 )   r e p r e s e n t  DIMS m e t a d a t a   b i n d i n g  together 
d i f f e r e n t   l e v e l s   o f   t h e   d a t a   a r c h i t e c t u r e .  T h e   s e c o n d   a n d   t h i r d  
rows r e p r e s e n t   b i n d i n g s   o f   a d j a c e n t .   a n d   a l t e r n a t i n g   l e v e l s ,  
r e s p e c t i v e l y ,   i n   t h e   a r c h i t e c t u r e   a n d  a re  c a l l e d  p a r t i a l  b i n d i n g s .  
The c i r c l e  i n   t h e   f o u r t h  row r e p r e s e n t s   m e t a d a t a   t h a t   f u l l y   b i n d s  
a d a t a   m a n i p u l a t i o n  command t o  a n   i n t e r n a l   s c h e m a .   T h e   p r e v i o u s  
s e c t i o n   d e s c r i b e s   t h e  u s e  o f  common s o f t w a r e   f o r   g e n e r a t i n g  
b i n d i n g   m e t a d a t a .  

B i n d i n g   i n  a m u l t i p l e - l e v e l   d a t a   a r c h i t e c t u r e  is  e x p e n s i v e .  
T h e r e f o r e ,   I P I P  supports  s e v e r a l   b i n d i n g   o p t i o n s .  I P I P  permits 
part . ia1 or f u l l   b i n d i n g   a n d   r u n - t i m e  o r  p r e r u n - t i m e   b i n d i n g   a n d  
c o m b i n a t i o n s   t h e r e o f .  EP3 c o u l d   b e   b o u n d  t o  E P 1  p r io r   t o  
d e v e l o p i n g   t h e   a p p l i c a t i o n   t h a t   i n c l u d e s  E P 4 .  I f  EP4 is i s s u e d  
i n t e r a c t i v e l y ,   t h e   r i g h t m o s t   b i n d i n g  c i r c l e  a t  t - h e   s e c o n d   l e v e l  
would   be   genera ted   and   merged  a t  r u n  time w i t h   t h e   l e f t m o s t  c i r c l e  
a t  t h e   t h i r d   l e v e l  t-o f u l l y   b i n d  EP4 t o  EP1.  I f  EP4  is  i n   a n  
a p p l i c a t i o n   p r o g r a m   i n  t es t  mode, t h e  same s t r a t e g y   m i g h t   b e   u s e d .  
I f  t h e   a p p l i c a t i o n   p r o g r a m  is  i n   p r o d u c t i o n  mode, t h e   d a t a  
a d m i n i s t r a t o r   w o u l d   p r o b a b l y   f u l l y   b i n d  EP4 t o  E P 1  b e f o r e   p r o g r a m  
e x e c u t i o n .  

Note t h a t   g i v e n   p r e r u n - t i m e   b i n d i n g   o f   t h e  uppermost l o g i c a l  
schema t o  t h e   i n t e r n a l   s c h e m a ,   f u l l   r u n - t i m e   b i n d i n g   o f   t h e   d a t a  
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m a n i p u l a t i o n  command is a t w o - l e v e l   o p e r a t i o n ,   r e g a r d l e s s  of how 
many l e v e l s  of u n d e r l y i n g   l o g i c a l   s c h e m a s   t h e r e  are. 

I P I P  SOFTWARE  ARCHITECTURE 

I P I P  p r o t o t y p e   s o f t w a r e  is a c o l l e c t i o n   o f   s o f t w a r e  
s u b c o m p o n e n t s   d e s i g n e d  as  a n u c l e u s   a r o u n d   w h i c h   t h e   f u l l  I P A D  
d a t a   m a n a g e m e n t   f u n c t i o n s   c a n  be b u i l t .   T h i s   s e c t i o n   o f  t h e  paper 
d i s c u s s e s   t h e   I P I P  software a r c h i t e c t u r e   a n d  traces a u s e r   d a t a  
m a n i p u l a t i o n  command t h r o u g h   t h e   s y s t e m .  

T h e r e  are t h r e e  major sets o f   s o f t w a r e   s u b c o m p o n e n t s   i n   t h e  
a r c h i t e c t u r e :  I P I P  u s e r   i n t e r f a c e s ,   s t u b s ,   a n d   I P I P   d a t a   m a n a g e r .  
I P I P  u s e r  i n t e r f a c e   s u b c o m p o n e n t s  are  u s e d   b y   e n d   u s e r s  when 
d e f i n i n g   d a t a   s t r u c t u r e s   a n d  when f o r m u l a t i n g  commands a g a i n s t   t h e  
d a t a   b a s e .   T h e s e   s u b c o m p o n e n t s   i n c l u d e   t h e   q u e r y  processor, 
precompiler, l o g i c a l   s c h e m a  compiler, i n t e r n a l   s c h e m a  compiler, 
and  mapping  schema compiler. I P I P  da ta  manager   subcomponent  
r o u t i n e s   e x e c u t e   e n d  user  requests a g a i n s t   t h e   d a t a   b a s e   a n d  
p r o v i d e   s e r v i c e s   s u p p o r t i n g  I P I P  u s e r  i n t e r f a c e   s u b c o m p o n e n t s .  
The   s tubs   subcomponen t  is  l i n k e d  t o  u s e r  i n t e r f a c e   s u b c o m p o n e n t s  
and t o  a l l  u s e r   d a t a   m a n a g e m e n t   a p p l i c a t i o n   p r o g r a m s .   F i g u r e  11 
shows d i a g r a m m a t i c a l l y  h o w  t h e  v a r i o u s   s u b c o m p o n e n t s  f i t  i n  t h e  da t a  
m a n a g e m e n t   a r c h i t e c t u r e .  

Some o f   t h e   s u b c o m p o n e n t s   i n   t h e   d i a g r a m  ( i . e . ,  t h e  p r o t o t y p e  
i m p l e m e n t a i i o n   o f   t h e  I P A D  e x e c u t i v e  ( I P E X )  r o u t i n e s )  a re  n o t  
d i s c u s s e d   i n   t h i s  paper.  For purposes o f   t h i s  paper ,  these 
s u b r o u t i n e s  a r e  b r o k e n   i n t o  two g r o u p s ,   t h e   f i r s t   g r o u p   p r o v i d i n g  
n e t w o r k   s e r v i c e s   a n d  referred t o  as t h e  I P S R  r o u t i n e s ,  t h e  second  
r e f e r r e d  t o  a s  t h e  IFCS r o u t i n e s   a n d   p r o v i d i n g  a h o s t - i n d e p e n d e n t  
f i l e   s y s t e m  t o  I P I P .  A complete d i s c u s s i o n   o f  t h e i r  d e s i g n   c a n  be 
f o u n d   i n   r e f e r e n c e  9. 

B e f o r e   t h e  I P I P  s o f t w a r e   m o d u l e s  a re  descr ibed  i n  more 
d e t a i l ,   s e v e r a l  fea tures  o f  t h e  s o f t w a r e   a r c h i t e c t u r e  s h o u l d  be 
men t ioned .  The  f e a t u r e s   l i s t e d  below have   had  a d i r ec t  i n f l u e n c e  
o n   s o f t w a r e   a n d   o n   t h e  software a r c h i t e c t u r e .  Features f i t t i n g  
i n t o   t h i s   c a t e g o r y   i n c l u d e   m u l t i - u s e r / m u l t i t h r e a d   p r o c e s s i n g ,   d a t a  
s e t  p r o c e s s i n g ,   v e r s i o n e d   d a t a   p r o c e s s i n g ,   r e c u r s i v e  d a t a  
d i c t i o n a r y  ( D I M S ) ,  a n d   a d a p t a b i l i t y   o f  code t o  d i f f e r e n t   t y p e s  of 
mach ines .  

The f o l l o w i n g  is a b r i e f   d e s c r i p t i o n   o f   t h e   v a r i o u s   s o f t w a r e  
s u b c o m p o n e n t s   i n   t h e  I P I P  s o f t w a r e   a r c h i t e c t u r e .  



I P I P  User I n t e r f a c e   S u b c o m p o n e n t s  

Precompilers.- The precompilers c o n v e r t   p r o g r a m s   c o n t a i n i n g  
embedded da t a  m a n i p u l a t i o n  commands i n t o   p r o g r a m s   c o n t a i n i n g   h o s t -  
l a n g u a g e - c o m p a t i b l e   r e q u e s t s  t o  t h e   d a t a   m a n a g e r .   T h e   c o n v e r s i o n  
process u t i l i z e s   t h e   d a t a   i n v e n t o r y   m a n a g e m e n t   s u b s y s t e m  (DIMS) 
d a t a  base i n   t h e   e d i t i n g ,   v a l i d a t i o n ,   a n d   g e n e r a t i o n   o f   r e q u e s t s  
t o  t h e  da t a  m a n a g e r .   T h e   p r o t o t y p e  precompilers g e n e r a t e   c o d e  for  
FORTRAN and  Pascal programs as  well  as d e c l a r a t i o n s  of 
communica t ion  areas f o r   s t a g i n g  records i n v o k e d   b y   t h e   p r o g r a m .  

Q u e r y  Processor.- L i k e   t h e  precompilers, t h e   q u e r y  processor 
accepts d a t a   m a n i p u l a t i o n   r e q u e s t s   a n d   p r o d u c e s   r e q u e s t s   f o r  d a t a  
f r o m   t h e   d a t a   m a n a g e r .   H o w e v e r ,   t h e   q u e r y  processor is u s e d   o n l y  
f o r   i n t e r a c t i v e   r e q u e s t s ,   t h e r e b y   e l i m i n a t i n g   t h e   n e e d   f o r   s o u r c e  
code g e n e r a t i o n .   T h e   q u e r y  processor p e r f o r m s   s y n t a c t i c   c h e c k s   o n  
t h e   r e q u e s t   a n d   t r a n s m i t s  it t o  t h e  I P I P  d a t a   m a n a g e r ,   w h e r e  t h e  
command i s  c h e c k e d   s e m a n t i c a l l y   a n d   t h e n   b o u n d   a n d   e x e c u t e d .  Upon 
c o m p l e t i o n   o f   t h e   p r o c e s s i n g   i n   t h e  I P I P  d a t a   m a n a g e r ,   t h e   q u e r y  
processor d i s p l a y s   t h e   r e s u l t s   o n   t h e   u s e r ' s   t e r m i n a l ,  a loca l  
f i l e ,  a l i n e   p r i n t e r ,  or a c o m b i n a t i o n   o f   t h e   t h r e e .   W i t h  a 
c o u p l e   o f   m i n o r   e x c e p t i o n s ,   t h e  d a t a  m a n i p u l a t i o n   l a n g u a g e  
p r o c e s s e d   b y   t h e   q u e r y  processor is i d e n t i c a l  t o  t h a t  used  by 
a p p l i c a t i o n   p r o g r a m s .  

Compilers.- T h e   l o g i c a l ,   i n t e r n a l ,   a n d   m a p p i n g   s c h e m a  compilers 
a l l  perform t h e  same f u n c t i o n s  b u t  for  d i f f e r e n t   l a n g u a g e s .   T h e  
compilers p e r f o r m   s y n t a c t i c   c h e c k i n g   o f   s o u r c e   s c h e m a   d e c l a r a t i o n s  
a n d   s e n d   e n c o d e d   v e r s i o n s   o f   t h e m  t o  t h e   I P I P  d a t a  manager .  When 
t h e  I P I P  d a t a   m a n a g e r  completes t h e   p r o c e s s i n g   o f  a d e c l a r a t i o n ,  
it r e t u r n s   s t a t u s  t o  t h e  compiler, which  passes it b a c k  t o  t h e  
u s e r .  

I P I P  Data Manager   Subcomponents  

The I P I P  d a t a  manage r   subcomponen t s  comprise t h e   p o r t i o n  of 
t h e  da ta  base m a n a g e m e n t   s y s t e m   t h a t  ca r r ies  o u t  da ta  
m a n i p u l a t i o n ,   b i n d i n g ,   a n d   s e m a n t i c   p r o c e s s i n g   a c t i o n s   r e q u e s t e d  
b y   u s e r s .   T h e  I P I P  d a t a   m a n a g e r   c o n t a i n s   t e n   s u b c o m p o n e n t s :   t h e  
s c h e d u l e r ,   m e s s a g e   p r o c e d u r e   i n t e r f a c e  processor (MPIP) ,  common 
s e m a n t i c  processor ( C S P ) ,  da t a  b a s e   c o n t r o l   s u b s y s t e m  ( D B C S ) ,  da ta  
m a n i p u l a t i o n   s u b s y s t e m  ( D M S ) ,  record t r a n s l a t o r ,   b i n d e r ,  
p r e s e n t a t i o n   s e r v i c e s ,  access modu le  (AM), a n d   r e s o u r c e   m a n a g e r  
( R M ) .  E a c h   o f   t h e s e   s u b c o m p o n e n t s  is d i s c u s s e d   b r i e f l y .  

S c h e d u l e r . -  A s  t h e  name implies ,  t h i s   c o m p o n e n t   s c h e d u l e s   r e q u e s t s  
f o r   e x e c u t i o n  o r  restarts r e q u e s t s   t h a t  were s u s p e n d e d   b e f o r e  
c o m p l e t i o n .   O t h e r   f u n c t i o n s   p e r f o r m e d   b y   t h i s   c o m p o n e n t   i n c l u d e ,  
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b u t  are n o t   l i m i t e d  to ,  i n i t i a l i z a t i o n  of I P I P ,   d e f i n i n g  Pascal 
work areas f o r   e a c h   t h r e a d ,   a n d   e n s u r i n g   t h a t   t h e  proper c o d e  is 
i n  memory when s w i t c h i n g   b e t w e e n   t h r e a d s .  

Message P r o c e d u r e   I n t e r f a c e  Processor (MPIP).-  The major f u n c t i o n  
o f   t h i s   s u b c o m p o n e n t  is  to u n p a c k   i n c o m i n g   u s e r   r e q u e s t s   a n d  t o  
p a c k a g e   o u t g o i n g   m e s s a g e s  f o r  s h i p m e n t  across t h e   n e t w o r k .  
Incoming   messages  are  r o u t e d  t o  e i t h e r   t h e  DBCS or t h e  CSP 
r o u t i n e s ,   d e p e n d i n g   o n   f u n c t i o n   c o d e s   s e n t   w i t h   t h e   m e s s a g e .  MPIP 
r e q u e s t s  a b i n d i n g   r e c o r d   i d e n t i f i e d   b y   t h e   e n c o d e d   v e r s i o n   o f  a 
u s e r  command. 

Common S e m a n t i c  Processor (CSP).-   The common s e m a n t i c  processor 
p e r f o r m s  a l l  s e m a n t i c   a c t i o n s   r e q u e s t e d   b y   t h e  precompiler, q u e r y  
processor, and   t he   s chema  compilers. The CSP is invoked   by  MPIP 
a n d   r e c u r s i v e l y  c a l l s  I P I P  fo r  i t s  da ta   managemen t   needs .  Common 
r o u t i n e s   w i t h i n   t h e  CSP p e r f o r m   e q u i v a l e n t   s e m a n t i c   p r o c e s s i n g  
across compilers. 

Data Base C o n t r o l   S u b s y s t e m  ( D B C S ) . -  The major f u n c t i o n  of t h e  
DBCS is t o  process u s e r - l e v e l   d a t a   m a n i p u l a t i o n   r e q u e s t s .   T h e  
DBCS r e c e i v e s   a n   e n c o d e d   v e r s i o n  of t h e  u s e r   r e q u e s t   i n  t h e  fo rm 
o f  a b i n d i n g   r e c o r d   a n d   c o n v e r t s   t h i s  request i n t o   p r i m i t i v e  
o p e r a t i o n s   p r o v i d e d   b y   t h e   b i n d e r ,  DMS, r e c o r d   t r a n s l a t o r ,  
r e s o u r c e   m a n a g e r ,   a n d   p r e s e n t a t i o n   s e r v i c e s .   T h e  DBCS s u p p o r t s  
t h e   r e t r i e v a l ,   s t o r a g e ,   a n d   u p d a t e  of d a t a  t h r o u g h   t h e   u s e  of a 
s i n g l e  d a t a  m a n i p u l a t i o n   l a n g u a g e ,   w h i c h   p r o v i d e s   n e t w o r k  
f a c i l t i e s  (CODASYL b a s e d )   a n d   r e l a t i o n a l   f a c i l i t i e s .   T h e  d a t a  
m a n i p u l a t i o n   l a n g u a g e  a l so  s u p p o r t s   t h e   m a n i p u l a t i o n  of g e o m e t r i c  
e n t i t i e s   s u c h  as  l i n e s ,   p o i n t s ,  composite c u r v e s ,   a n d   s u r f a c e s .  
I n p u t s  t o  t h e  DBCS c o n s i s t   o f  a b i n d i n g  record, which  i s  t h e  
encoded  d a t a  m a n i p u l a t i o n  command i n c l u d i n g   a t t e n d a n t  meta 
i n f o r m a t i o n ,   a n d  a j o b   s t a t u s  record,  w h i c h   c o n t a i n s   t h e   c u r r e n t  
e x e c u t i o n  s t a t u s  of t h e   u s e r   m a k i n g   t h e   r e q u e s t .  

Data M a n i p u l a t i o n   S u b s y s t e m  ( D M S ) . -  The DMS c o n t a i n s  a s e t  o f  
p r i m i t i v e s   t h a t  operate o n   i n t e r n a l - s c h e m a - d e f i n e d   d a t a   r e c o r d s .  
I t  is t h e s e   p r i m i t i v e s  t o  w h i c h   e a c h   u s e r - l e v e l   d a t a   m a n i p u l a t i o n  
command i s  decomposed. DMS is a n o t h e r   s u b c o m p o n e n t  t h a t  makes 
u s e r - l e v e l  d a t a  m a n i p u l a t i o n   r e q u e s t s  t o  I P I P  f o r  some of i t s  run-  
time d a t a .  

R e c o r d   T r a n s l a t o r . -   T h i s   s u b c o m p o n e n t   c o n v e r t s   r e c o r d s   f r o m  
logical  v i e w s  t o  i n t e r n a l   r e p r e s e n t a t i o n s   a n d   v i c e   v e r s a .   T h e s e  
c o n v e r s i o n s   i n c l u d e   c h a n g e s   i n   b o t h   t h e   p o s i t i o n   o f   f i e l d s   w i t h i n  
t h e  records a n d   c h a n g e s   o f   d a t a  types  a n d   s i z e s  of f i e l d s .  
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B i n d e r . -   T h i s   s u b c o m p o n e n t   r e c o n c i l e s   d i f f e r e n c e s   b e t w e e n   m u l t i p l e  
v i e w s   o f   t h e  data .  I n   o t h e r   w o r d s ,  i t  creates metadata ( b i n d i n g  
r e c o r d s )   s p e c i f y i n g  how t o  t r a n s l a t e  f r o m  a u s e r   o p e r a t i o n   o n  a 
l o g i c a l   d a t a   s t r u c t u r e  t o  o n e  or  more i n t e r n a l   r e q u e s t s   o n   t h e  
p h y s i c a l  d a t a  s t r u c t u r e s   d e s c r i b e d   b y   a n   i n t e r n a l   s c h e m a .   T h e  
b i n d e r   c a n  be i n v o k e d   e i t h e r   p r e r u n - t i m e  o r  when t h e  command is 
e x e c u t e d   ( r u n - t i m e ) .   T h e   b i n d e r  may b i n d   e i t h e r  a l o g i c a l   s c h e m a  
o r  a program or q u e r y  t o  a n   u n d e r l y i n g   i n t e r n a l   s c h e m a .  

P r e s e n t a t i o n   S e r v i c e s . -   I n   p r o t o t y p e  I P I P ,  t h e   o n l y   f u n c t i o n  of 
t h i s   r o u t i n e  is  t o  l o g  I P I P  errors on a s y s t e m   l o g .  A s  
d e v e l o p m e n t   c o n t i n u e s ,   t h e  se t  o f   r o u t i n e s  w i l l  be   expanded  t o  
i n c l u d e   s c r e e n   f o r m a t t . i n g   l o g i c   f o r   v a r i o u s   t y p e s  of t e r m i n a l s .  

Access M o d u l e . -   T h i s   s u b c o m p o n e n t   c r e a t . e s   a n d   m a i n t a i n s  B-trees 
u s e d  t o  i n d e x   p h y s i c a l  d a t a  f i l e s .  The access m o d u l e  p e r f o r m s  B- 
t . ree   look-up  t o  s a t i s f y  a l l  user requests f o r   d a t a .  

R e s o u r c e   M a n a g e r . -   T h i s   s u b c o m p o n e n t   p r o v i d e s   s e r v i c e   r o u t i n e s  
used   by  a l l  I P I P  d a t a  manage r   subcomponen t s   fo r  resource-related 
s e r v i c e s .   R o u t i n e s  a r e  p r o v i d e d  t o  p e r f o r m   b u f f e r   m a n a g e m e n t ,  
r eco rd   managemen t ,   and   f i l e   managemen t .   s e rv i ces .  

S t u b s . -  T h i s  subcomponent  provides service r o u t i n e s  t h a t  l i n k   u s e r s  
w i t h  I P I P .  All u s e r   p r o g r a m s   a n d   t h e  I P I P  u s e r  i n t e r f a c e  
subcomponents   have  a c o p y   o f   t h e s e   r o u t i n e s   l i n k e d  t o  them. S t u b s  
p a c k a g e s   a n d   u n p a c k a g e s   i n f o r m a t i o n  t o  be t r a n s m i t t e d  o r  r e c e i v e d  
v i a   c o m m u n i c a t i o n s   s o f t w a r e   a n d  c a l l s  IPSRs  t o  i n i t i a t e  
communica t ion .  

Trace of User Q u e r y  

The f o l l o w i n g  is a h i g h - l e v e l  t race  o f  a user  q u e r y   t h r o u g h  
t h e  d a t a  base management   system. A STORE command w a s  chosen  
because it s h o w s   t h e   p r o c e s s i n g   f l o w   o f  a r e p r e s e n t a t i v e  user- 
l e v e l   r e q u e s t .  

T h e   f o l l o w i n g   a s s u m p t i o n s   s h o u l d   b e   n o t e d   b e f o r e   r e a d i n g   t h e  
example : 

1. I n t e r n a l  d a t a  m a n i p u l a t i o n  requests w i l l  be i d e n t i f i e d  b u t  
not. t raced .  

2. L o g i c a l   a n d   i n t e r n a l   s c h e m a s   h a v e   b e e n   d e f i n e d   a n d  a re  mapped 
t o  e a c h   o t h e r .  

3 .  A l l  I P I P  i n i t i a l i z a t i o n   h a s   b e e n  completed. 
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" 

4 .  T h e   u s e r   h a s   o p e n e d   a n d   l o c k e d   t h e   r e c o r d   t y p e  t o  b e   s t o r e d .  

5. T h i s  command is t h e   o n l y   o n e   e x e c u t i n g   i n  I P I P .  

6 .  MPIP is r e a d y  t o  r e c e i v e   t h e   m e s s a g e .  

The process starts when t h e   q u e r y  processor r e c i e v e s  a 
command from a u s e r .   T h e   q u e r y  processer p e r f o r m s   s y n t a c t i c  
c h e c k i n g   o n   t h e  command a n d   b r e a k s  o u t  i n d i v i d u a l  item or r e c o r d  
n a m e s   w i t h i n  it. These  names a re  s e n t   t h r o u g h   s t u b s ,  t h e  I P A D  
d a t a   m a n a g e r ,   a n d   n e t w o r k   s e r v i c e s  t o  t h e  CSP r o u t i n e s   i n   t h e  I P I P  
d a t a   m a n a g e r .   ( T h e   m e c h a n i s m s   o f   t h i s   n e t w o r k   t r a n s f e r  are  
d i s c u s s e d   b e l o w . )   T h e  CSP p e r f o r m s   s e m a n t i c   c h e c k i n g  t o  v a l i d a t e  
t h e  command. D u r i n g   t h i s  process a b i n d i n g   r e c o r d  is b u i l t  
l i n k i n g   t h e  DML command to  t h e  cor rec t  l o g i c a l   s c h e m a .  A f t e r  t h e  
v a l i d a t i o n   h a s   b e e n   c o m p l e t e d   a n d   t h e   b i n d i n g   r e c o r d   b u i l t ,  s t a t u s  
i n f o r m a t i o n  is s e n t   b a c k  t o  t h e   q u e r y  processor t h r o u g h   t h e  
ne twork .   The   query  processor r e c e i v e s   t h i s   s t a t u s   i n f o r m a t i o n  
a n d ,   a s s u m i n g   t h e   r e q u e s t  was v a l i d ,   b u i l d s  a c o l l e c t i o n   o f   t a b l e s  
t . h a t   c o n t a i n   i n f o r m a t i o n   f r o m   t h e  u s e r  request. S t u b s  is t h e n  
c a l l e d  t o  t r a n s m i t   t h e s e   t a b l e s  t o  I P I P  a n d ,   u s i n g  IPSR d a t a  
t r a n s l a t i o n   r o u t i n e s ,  reques ts  t h a t  t h e s e  t ab les  b e   c o n v e r t e d   f r o m  
a m a c h i n e   r e p r e s e n t a t i o n  t o  t h e  n e t w o r k   s t a n d a r d   r e p r e s e n t a t i o n .  
Aft .er  t h e  t r a n s l a t i o n  h a s  been   comple t ed ,  t h e  ne twork  IPSR 
r o u t i n e s  are  cal led t o  s e n d   t h e  t ab l e s  across t h e   n e t w o r k  t o  t h e  
I P I P  da ta  manager .  

MPIP reads t h i s  message  from t h e  IPSR r o u t i n e s   a n d  decodes 
t h e   c o n t r o l   i n f o r m a t i o n  associated w i t h  t h e  command. A g a i n   u s i n g  
t h e  IPSR r o u t i n e s  MPIP t h e n   t r a n s l a t e s  t h e  t a b l e s   i n t o  I P I P  
s t . a n d a r d   f o r m .   A f t e r  t h e  d a t a   h a s   b e e n   t r a n s l a t e d ,  t h e  b i n d i n g  
record created d u r i n g   s e m a n t i c   v a l i d a t i o n   b y  t h e  CSP is augmented 
w i t h   r u n - t i m e   i n f o r m a t i o n  s u p p l i e d  i n   t h e  command. 

T h e   b i n d i n g   r e c o r d  i s  now i n  a form t h a t  c a n   b e   p r o c e s s e d   b y  
t h e  DBCS a n d   l o w e r - l e v e l   r o u t i n e s .   H o w e v e r ,   b e f o r e  t h e  DBCS is 
c a l l e d ,  t h e  job  s t a t u s  record ( J S R )  is  r e t r i e v e d .  T h i s  record 
c o n t a i n s   t h e   c u r r e n t  s t a t u s  o f   t h e  user and i s  u s e d  e x t e n s i v e l y  by 
t h e  DBCS. T h i s  J S R  r e c o r d  is r e t r i e v e d  by MPIP u s i n g  a u s e r - l e v e l  
d a t a  m a n i p u l a t i o n   r e q u e s t .  

Upon receipt  o f  t h e  b i n d i n g   r e c o r d   a n d   j o b  s t a t u s  record, t h e  
DBCS b e g i n s   p r o c e s s i n g   t h e   r e q u e s t ,   d e t e r m i n e s   i f   b i n d i n g   h a s  
been  completed, a n d ,   i f   n o t ,  c a l l s  t h e   b i n d e r  to  complete tne 
b i n d i n g  process. 

T h e   b i n d e r  accesses b i n d i n g  records a s s o c i a t e d   w i t h   t h i s  
r e q u e s t   a n d  creates a b i n d i n g   r e c o r d   t h a t   f u l l y   b i n d s   t h e  u s e r  
command t o  a n   i n t e r n a l   s c h e m a .   H a v i n g   c o m p l e t e d  i t s  p r o c e s s i n g ,  
t h e   b i n d e r   r e t u r n s   t h i s   b i n d i n g   r e c o r d  t o  t h e  DBCS, w h i c h   c a n  now 
c o n t i n u e   p r o c e s s i n g .  Space is  a l l o c a t e d ,   u s i n g   r e s o u r c e   m a n a g e r  
r o u t i n e s ,   f o r   t h e   i n t e r n a l   r e c o r d  (o r  r e c o r d s )   t h a t  i s  t o  be  added 
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to  t h e  da t a  b a s e .  The r e c o r d   t r a n s l a t o r  is called t o  create a n  
i n t e r n a l   r e c o r d  (or  r e c o r d s )  from t h e   u s e r - s u p p l i e d   e x t e r n a l  
record i n   t h e  space a l l o c a t e d   a b o v e .  A f t e r  c r e a t i o n  of t h e  
i n t e r n a l   r e c o r d ,   t h e   d a t a   . m a n i p u l a t i o n   s u b s y s t e m  i s  called t o  
a d d  t h e  record (or  r e c o r d s )  t o  t h e   d a t a   b a s e .  Before t h e  record 
(or records) is added ,  t h e  o p e n   s t a t u s  of t h e   d a t a  f i l es  is  
v e r i f i e d .   T h i s   v e r i f i c a t i o n  is performed b y   m a k i n g   u s e r - l e v e l  DML 
r e q u e s t s  t o  t h e  D I M S  t a b l e s   c o n t a i n i n g   a u t h o r i z a t i o n   i n f o r m a t i o n .  
If t h e   u s e r  passes t h e s e   c h e c k s ,   t h e  DMS ca l l s  t h e  r e c o r d   m a n a g e r  
r o u t . i n e s   i n   r e s o u r c e   m a n a g e r  t o  a d d   t h e   d a t a  t o  t h e  d a t a   f i l e   a n d  
t o  add  other  i n f o r m a t i o n  t o  other da ta  b a s e  f i l es .  T h e   r e s o u r c e  
manager  c a l l s  t h e  IFCS t o  p e r f o r m  t h e  p h y s i c a l  write. DMS t h e n  
c a l l s  t h e  access module t o  u p d a t e   i n d e x e s   o n   t h e   k e y e d  f i e l d s  i n  
t h e   r e c o r d .  T h e s e  i n d e x e s  a re  r e p r e s e n t e d   u s i n g  l3-tree d a t a  
s t r u c t u r e s .  

The da t a  h a s  now been   added  t o  t h e  da ta  base; a l l  t h a t  
r e m a i n s  is t o  r e t u r n   t h r o u g h  t h e  r o u t i n e s   a n d   r e t u r n   s t a t u s  
i n f o r m i n g   t h e   u s e r   o f   t h e   s u c c e s s f u l   c o m p l e t i o n   o f   h i s  command. 
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AN APPROACH FOR MANAGEMENT OF GEOMETRY DATA 

R. Peter Dube, Gary J. Her ron ,  
J e a n  E.  S c h w e i t z e r ,  E r i c h  R.  W a r k e n t i n e  

Boeing  Computer S e r v i c e s  Company 

SUMMARY 

T h i s  repor t  d e s c r i b e s   t h e   s t r a t e g i e s   f o r   m a n a g i n g  I P A D  
computer-based  geometry.   The  computer   model   of   geometry is t h e  
b a s i s   f o r   c o m m u n i c a t i o n ,   m a n i p u l a t i o n ,   a n d   a n a l y s i s   o f   s h a p e  
i n f o r m a t i o n .  I P A D ' s  d a t a   b a s e   s y s t e m   m a k e s   t h i s   i n f o r m a t i o n  
a v a i l a b l e  t o  a l l  a u t h o r i z e d   d e p a r t m e n t s   i n  a company. 

A d i s c u s s i o n   o f   t h e   d a t a  s t r u c t u r e s  a n d   a l g o r i t h m s   r e q u i r e d  
t o  s u p p o r t   g e o m e t r y   i n  I P I P  ( I P A D ' s  d a t a   b a s e   m a n a g e m e n t   s y s t e m )  
is p r e s e n t e d .   T h r o u g h   t h e  u s e  of  I P I P ' s  d a t a   d e f i n i t i o n   l a n g u a g e ,  
t h e  s t r u c t u r e  of   the   geometry   components  is  de f ined .   The   da t . a  
m a n i p u l a t i o n   l a n g u a g e  is t h e  v e h i c l e  by which a user d e f i n e s   a n  
i n s t a n c e   o f  t h e  geometry .   The   manipula t - ion   language  a l s o  allows a 
u s e r  t.0 e d i t ,   q u e r y ,   a n d   m a n a g e  t h e  geometry .  

The s e l e c t i o n   o f   c a n o n i c a l   f o r m s  is a v e r y   i m p o r t a n t   p a r t   o f  
t h e  I P A D  geometry .  I P A D  h a s  a c a n o n i c a l   f o r m  f o r  each e n t i t y   a n d  
p r o v i d e s   t r a n s f o r m a t i o n s  t o  a l t e r n a t e   f o r m s ;   i n   p a r t i c u l a r ,  I P A D  
w i l l  p r o v i d e  a t r a n s f o r m a t i o n  t.0 t h e  A N S I  s t a n d a r d .  The  DBMS 
schemas r e q u i r e d  t o  s u p p o r t  I P A D  geometry  a re  e x p l a i n e d .  

I N T R O D U C T I O N  

One of t h e   o b j e c t i v e s   o f  I P A D  ( I n t e g r a t e d   P r o g r a m s   f o r  
Aerospace   Des ign )  is t o  d e v e l o p  a c o m p u t e r - b a s e d   e n g i n e e r i n g  
complex  which automates t h e  s t o r a g e ,   m a n a g e m e n t ,   p r o t e c t i o n ,   a n d  
r e t r i e v a l  of e n g i n e e r i n g  d a t a .  T h i s   c o m p l e x   s e r v e s  a s  t h e   c e n t r a l  
c o m m u n i c a t i o n   i n t e g r a t o r   f o r  a l a r g e   n u m b e r   o f   d e s i g n e r s  
c o n d u c t i n g  a b r o a d   r a n g e   o f   d e s i g n   t a s k s .   T h e   c o r n e r s t o n e   o f  t h e  
I P A D  c o n c e p t  is  i t s  i n f o r m a t i o n  processor ( I P I P ) .   I P I P  is a da t a  
base management  system (DBMS) t h a t  manages t h e  da t a  required by 
a n d   p r o d u c e d   d u r i n g  t h e  d e s i g n   p r o c e s s .  

T h e   d e s i g n   p r o c e s s ,  as w e l l  a s  i n t e r a c t i o n  w i t h  maufac t -u r ing  
a n d   o t h e r   o r g a n i z a t i o n s ,  has b e e n   d e f i n e d   ( r e f s .  1 and 2 ) .  I t  i s  
w i t h i n  t h i s  d e s i g n   p r o c e s s   t h a t   e x i s t i n g   c o m p u t e r - a i d e d   d e s i g n  
( C A D )  s y s t e m s  create  a m a c h i n e - r e a d a b l e   d a t a   b a s e  of d e s i g n  
i n f o r m a t i o n .   T h i s  da t a  b a s e   n o r m a l l y   i n c l u d e s   n o t   o n l y   t h e  
s p e c i f i c a t i o n   o f   g e o m e t r y   b u t  a l s o  s u c h   i n f o r m a t i o n  as  o b j e c t  mass 
p r o p e r t i e s   a n d   d i m e n s i o n s .  From t h e   s p a r s e   d e f i n i t i o n   o f   o b j e c t s  
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f o r  aerodynamics and i in i t e - e l emen t   ana lys i s  t o  t h e  detai l  des ign  
of par ts ,   geametry i s  the continuing theme. 

Unlike other systenls i n  which  geometry  information is 
contained i n   f i l e s  accessible m l y  through a aes ign  drafting 
system (or other  specialized  computing  system) , the  main 
r e p o s i t o r y  of all lnfvrnlation  ( incluuing geometry) wi th in  I P A D  is 
XcpIP, t h e  IGMS. With this approzrch, all t a sks ,   i nc lud ing  'analysis 
and design,  have access t o  a l l  of the   r equ i r ed  d a t a -  While a 
s p e c l f i c  CAD/CAM system  would  nominally  be  used t o  create design 
information, other   systems will nave   cont ro l led   access  t o  that 
d a t a   a s  w e l l  ( f i g .  1) . 

The pr inc ipa l   advantage  of the W A D  approach i s  t h a t   t h e   d a t a  
base management system  can  support a u n i f i e d   d e s c r i p t i o n ,  
manipulation, anu  management of the data of t h e  organiza t ion .  The 
result is a r e d u c t i o n   i n  the uup l i ca t lon  of des ign   da t a ,  which 
minimizes  probierrs i n  maintenance of data  base  consistency  and 
upda te   e f f i c i ency .  The shared  aata   base  provides  a common 
in te r face ,   which  aids t h e  i n t e g r a t i o n  of v a r i o u s   d e s i g n   a c t i v i t i e s  
ana computer-based support sys tens .  While performing i ts  
inforrndt ion  s torage  and  re t r ieval   funct ions,  t h e  system  can also 
maintain d a t a  bdse i n t e g r i t y  and e n t o r c e   o r g a n i z a t i o n   s e c u r i t y  
r u l e s .  

The  prcrcessirig  and nlanagement of geometry i n  IPAD has 
r e s u l t e d   i n  some unique t ac i l i t i e s  in 1PL-P. The system  must 
manage geometry, enfo rce   cons t r a in t s ,   ma in ta in   con t inu i ty ,  and 
t r a c k   a s s o c i a t i o n s  at the p r i m i t i v e   l e v e l .  It m Q s t  a l s o  allow 
manipulation a t   t h e   p r i m i t i v e ,   c o m p o s i t e ,  and oDject l e v e l s  of t h e  
geometry  hierarchy ( f i g .  2) The sys t em  desc r ibed   i n   t h i s  paper 
scltisf ies  these  requirements .  

T h e  strategies employea make ava i laDle  t o  t h e   u s e r   d a t a  
s t r u c t u r e s  t h a t  support  t h e  rnamgement of geometry. I n  many cases  
t h e  data  s t r u c t u r e s  are independent or t h e  t y p e  of geometry be ing  
used ax:cL, hence, may be employe& wi th   d i f fe ren t   mathemat ica l  
r ep resen ta t ions .  Wnen ;PIP f a c i l i t i e s   a r e  useu with geometric 
representa t ions   (o ther  than WAL, geometry) , the manipulation 
c a p a b i l i t i e s  will be restricted. With the  appropr i a t e  schema, 
however, geometry descr ibed  with ii di f fe ren t   mathemat ica l  €om, may 
still be xanagect a t  tkle e n t i t y   l e v e l .  The remaining  sect ions of 
the paper w i l l  acvelop IPAL) geometry,  geometry  data management, 
and s u p p r t i n g  schema  developluent. 
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IPAD GEOMETRY 

Geometry information is stored as c o l l e c t i o n s  of components 
i n   t h e  aata base, A n  i n d i v i d u a l  component is c a l l e d  an e n t i t y .  
The d e s c r i p t i o n  of a ' g e o m e t r y   e n t i t y   i n  IP IP  i s  composed ok four 
p a r t s  : 

N a m e  of e n t i t y  

Defining  values  

Mathematical   process  that   produces a shape 

Assoc ia t ion   be tween  en t i t i es  

The def ining  values   depend on the mathematical form. IPIP  
uses values  d i r e c t l y  related t o  t h e  shape of a n  object, i.e., 
pos i t i ons ,   t angen t s ,  and higher -order   der iva t ives .  When that type  
of da td  i s  n o t   a v a i l a b l e   f o r  a specif ic   mathematical  form, related 
c o e f f i c i e n t s  are used, 

The mathematical   process is a ru l e   exp la in ing  how t h e  va iues  
are t o  be used. This r u l e   i n d i c a t e s  how t o  i n t e r p r e t   t h e  data; 
f o r  most r ep resen ta t ions ,  however, it i s  a mathematical   function 
tha t  produces a shape, The de f in i t i on   o f   t h i s   p rocess  is n o t  
c o n t a i n e d   i n  I P I P  b u t  i s  implied by t h e  IPAD canonical  form. 

The l a s t  p a r t  of t h e   r e p r e s e n t a t i o n  serves t o  i d e n t i i y  t h e  
a s s o c i a t i o n  between e n t i t i e s .  I n  most cases,   the  dependencles 
are tracked i m p l i c i t l y  by the data s t r u c t u r e   c o n s t r u c t s  in IPIP .  

The base level bui lding  block for the  d e s c r i p t i o n  of geometry 
i n  the d a t a  base is the vec to r ,  e .go, x, y ,  z The v e c t o r s   a r e  
found on the terminal   nodes of t h e  geometry  hierarchy  (fig.  2) . 
E n t i t i e s   i n  the h ierarchy  are c l a s s i f i e d  as  p r i m i t i v e  or  
composite. me pr imi t ive   en t i t i e s   con ta in   geomet ry   p re sen t ly   i n  
use :   po in ts ,   l ines ,   cubic  and conic  segments,   surface  patches,  
surf ace of r evo lu t ion ,   l o f t ed  surf ace, etc. These  pieces of 
geometry,  incluuiny composite e n t i t i e s ,  may then be grouped i n t o  
objects. 

IPAD geometry uses bounded  geometry i n   p a r a m e t r i c  iorm. The 
g e n e r a l  form of a geometric e n t i t y  i s  given by 
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For n=3 and k = l ,  X i s  a space curve: 

when X is a surface, n=3.and k-2: 

t l E  [a,b] and t p c  [c,d]. 

Each function Fi i s  defined by user   specif ied  values .  The 
meaning of these v a l u e s   i n  the context of Fj is  determined by the 
I P M  standard form, which w a s  chosen t o  f a c i l i t a t e  management of 
t h e  geometry e n t i t y ,   I n   g e n e r a l ,  the values   requirea f o r  each 
e n t i t y   a r e   d i r e c t l y   r e i a t e d  t o  the geometry of the e n t i t y ,  e-g., 
& aosl t ion,   tangent ,  etc. 

IPAD Canonical r'orm 

A canonical  form, i n  the IPAD context,  is t h e  standard form 
that  t h e  IPkD data  management system  understands  and  uses t o  
manage geometry information. The 1PAD canonical form is based 
on parametric representat ion w i t h  a two-point  Taylor  expansion 
( a l s o   r e f e r r e d   t o  as parametric H e r m i t e  in te rpola t ion)  We now 
consider the general   theory of Hermite in te rpola t ion  and 
parametr ic   representat ion.  

Parametric  curves and surfaces lead t o  powerful  models that  
may be used i n  a computer-alded  design  system. By parametric 
r-eyresentation we mean that each coordinate. of a pos i t ion  on a 
piece of geometry is represented as  a funct ion of one or more 
independent parameters. For  example, a curve of one  parameter has 
its position vector on the curve tixeu by one parameter. If the 
parameter is taken from the i n t e r v a l  (a, b) and the curve is i n  
space,  then  the  locus of points  on the curve, C1,  is given by 

c1  = [ (x,y,z):x=fl(t),y=f2(t),z=f3(t): t  €[ah] I 
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tieneral  theory of H e r m i t e  interpolation  involves  mathematical  
functions which capture   posi t ions  and  higher-order   der ivat ives   a t  
the ends or corners of the pieces of geometry.  These  formulae a r e  
found i n  Davis (ref . 3) . 

The canonical * o m  f o r  each IPAL, en t i t y   can  be kound in the 
IPAD documentation. We now give  an example of one  ent i ty ,   the  
cubic  segment,  using  the H e r m i t e  s t ra tegy .  The def ining  values  of 
t h e  cubic curve P (u) = (x(u) , y (u) , z (u) ) , are P (0) , P (1) (values 
a t  the  end points)  and CP(O) ,  D P ( 1 )  (end tangent vectors) . The 
canonical form is given by 

where -2 1 1 
3 -2 -1 

0 0 0- 

If t h e  matrix mult ip l ica t ion  is performed from l e f t  to r igh t ,   t he  
r e s u l t  is t h e  Hermite representat ion:  

Only the  values  P ( 0 )  , P (1) , DP (0) , DP (1) , along  with  the 
parametric space inkormation, are s tored i n  t h e   d a t a  base. Most 
ox t h e  basic e n i t i e s  for  both  curves  and surfaces are handled i n  
a similar manner. 

ANSI Communication Standard 

The proposed A N S I  Y14.26.1 standard,   "Digital   Representation 
oi Physical Object Shapes," addresses the problem of machine-to- 
machine dialogue, Its purpose is to f a c i l i t a t e  the communication 
of object  shape  description messages  between data bases of the 
same company or  between  intercommunicating  companies. The A N S I  
standard assumes the exis tence of a geometric  shape and proposes 
standard formats for cormunicating  that  shape. 

The work of t h e  ANSI committee is and w i l l  continue t o  be an 
important   factor  i n  the   de f in i t i on  of IPAD geometry. I n  some 
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cases, the IPAD r e p r e s e n t a t i o n  of geometry w i l l  d i f f e r  from t h a t  
of ANSI, This d i f f e r e n c e  is due   l a rge ly  t o  t h e   f a c t   t h a t  IPkD is 
i n v o l v d   w i t h  the management of  geometry rather t h a n  
communication. The l P A D  geometry   representa t ion   conta ins  
cont inui ty   cons t ra in ts ,   assoc ia t ion   be tween  e lements ,   and   o ther  
des ign - re l a t ed   i n fo rma t ion   t ha t  will be i n c l u d e d   i n  the IPAD 
format. 

1PkD suppor ts   the   geometry   en t i t i es  found i n  t h e  ANSI 
standard.  The choice of t h e  d e f i n i n g   v a l u e s   f o r  some geometry 
e n t i t i e s   d i f f e r s  from  those  Froposed by ANSI .  The system, 
however,   proviaes  transformations t o  in te rchange  its de f in ing  
va lues  w i t h  t hose  ot the ANSI standard.  

GEOMETRY DATA YMAGE&lENT 

T h i s  s ec t ion   ou t l i nes   t he   approach  used i n   t h e   a p p l i c a t i o n  of 
data   base management to geometry. rThis d i scuss ion  errtphasizes 
f e a t u r e s  of t h e  1PIP d a t a  manages t h a t  were developed t o  support  
geometry  data niandgement requirements. A more genera l   d i scuss ion  
of IP1P i s  found i n  the proceedings. 

The dpproach  used in t h e  p re sen t   sys t em  d i f f e r s   f rom  tha t  
which hss u?en u t i l i z e d  t o  date. For example,  one  mechanism f o r  
prclviciing  geometry da t a  management is t o  build a set of procedures 
on tog of an   ex i s t ing  uata manager. This  approach was used 
success fu l ly  t o  c o n s t r u c t   t h e  IPAD. prototype  geometry data 
managers. However, t h i s  rermves integri ty   enforcement   f rom the  
datd manaqer , r e q u i r e s  a f i x e d   d a t a  fom'at for geometry  data, and 
allows. no mechanism t o  extend the types  of geometry t h a t  may be 
s t o r e d  i n  t h e   u a t a   b a s e -  

The approach  used in the present   system allows the   u se r  t o  
define a geometry model by wr i t ing  a schema. The opera t ions  and 
c o n s t r a i n t s  on the geometry are d r iven  by the schema c i e i in i t i ons  
themselves; thus c o n s t r a i n t  checKing is done w i t h i n   t h e  data 
rndnayer. The records  used by appl icat ion  programs or CAD/CAM 
systems are def ined  by ioyical schena   de f in i t i ons ;   t hus  their 
format irlay Le changed by t h e   d a t a  base actministrator (DBA) - The 
schema i s  extendable ,  s o  new types of geometry may be added t o  t h e  
systerc by new schema e n t r i e s .  

The types of schemas necessary t o  def ine  geometry are 
determixlea in p a r t  by t h e  d a t a   a r c h i t e c t u r e  of the I Y I P  system. 
First, an i n t e r n a l  schema i s  def ined ,   spec i fy ing   the   o rgdniza t ion  
of d a t a  as  s to red  on phys ica l  I/O. Second, a base- leve l  schema is 
requi red ,   descr ib ing  the d a t a  of the ent i re   o rganiza t ion   (e .g . ,  
the I P A D  q e o m t r y  t o r n 6  used by a l l  t he   app l i ca t io f i s  of the  
coznpdrly) . Ih i rd ,   upper - leve l  schemas a r e  def ined,   providing views 
of t h e  da ta   necessary  for access from  application  programs or 
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query  users.  Data i n  each schema i s  related t o  o the r  schemas 
using mapping s t a t e m e n t s   i n  the mapping schema d e f i n i t i o n  
language. The data  base adminis t ra tor  (DBA) may define  an  upper- 
level schema on  top of another  upper-level schema, thus makinq n 
l e v e l s  or schema ue f in i t i on  possible. 

be 

1. 

2 ,  

3- 

4. 

5. 

6 .  

7. 

8 .  

9. 

The approach  used for IPAD/IPIP geometry data management may 
summarized as follows: 

The def in ing   da ta  for t he  IPAD canonical forms is described 
i n  a base-level l o g i c a l  schema- 

Associations between uata items of d i f f e ren t   r eco rds  are 
de f ined   exp l i c i t l y   i n  the schema. 

The records of the base-level  logical schema are grouped by 
an e x p l i c i t  schema cons t ruc t   ca l led  a "structure*', 

Access and manipulation  of a geometr ic   en t i ty   a re  maae by DML 
operations on a upper-level s c h e m a  record t h a t  is mapped 
from a base-level schema s t ruc tu re  - 
The mapping scheua  proviaes  the  correspondence between items 
i n  an  upper-level schema and items wlthin  record  occurrences 
of the   s t ruc ture .  

Constraints  on the   da t a  items and their  assoc ia t ions  are 
defined i n  the schema mu enforced  during  data  manipulation. 

DML on upper schema records mapped from s t ruc tures   has  
semantics t ha t  are consis tent  w i t h  requirements  for  geometry 
uata management and reflect  the   under ly ing   s t ruc tures .  

DML processing  direct ives  are used t o   d i r e c t  command-specific 
semantics. 

Addit ional   user   features  dre incluaed  within  the  system  to  
aid the e t f e c t i v e  use of the  system dna decrease t h e  
probabi l i ty  ot errors. 

Each ot these nine  concepts is expanded i n  corresponding 
sec t ions  below. 

1. base-Level Schema kecords 

The records .of the Lase-level schema contain a l l  t h e  data 
necessary €or the  information  processing  needs of t h e  
organization. Nominally,  one in t e rna l  record t y p e   e x i s t s  fo r  each 
base-level schema record.   This   internal  record has a format 
descr ibing the way i n  which the base-level schema record is 
stored . 
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W h i l e   a p p l i c a t i o n  programs r e q u i r e   t h e   g e o m e t r i c   e n t i t y  t o  be  
viewed as a u n i t ,   w i t h  a l l  d e f i n i n g   d a t a   g r o u p e d   i n t o  a s i n g l e  
r e c o r d ,   t h i s   t y p e   o f   g r o u p i n g  is n o t   s u i t a b l e   f o r   t h e   b a s e - l e v e l  
s c h e m a .   I n   t h e   b a s e - l e v e l   s c h e m a ,  geometric e n t i t i e s  are composed 
of  records d i v i d e d   ( n o r m a l i z e d )  t o  p r o v i d e   t h e  minimum amount of 
d a t a   r e d u n d a n c y .   T h i s   n o r m a l i z a t i o n  i s  a c h i e v e d   i n   o u r   g e o m e t r y  
s c h e m a s   b y   p l a c i n g   i n d i r e c t   r e f e r e n c e s  to da ta  i n  place o f   a c t u a l  
v a l u e s  when t h o s e   v a l u e s  appear i n  more t h a n   o n e  record t y p e .  
(See r e f e r e n c e  4 f o r  a more d e t a i l e d   d e s c r i p t i o n   o f   t h e  
n o r m a l i z a t i o n  process.) 

2.  Data A s s o c i a t i o n s  

Given  a s e t  of b a s e - l e v e l   s c h e m a  records c o n t a i n i n g   g e o m e t r y ,  
t h e  I P I P  s y s t e m   p r o v i d e s  a set  o f  too ls  t h a t  allows t h e  user t o  
descr ibe t h e   r e l a t i o n s h i p   o f   d a t a  items o c c u r r i n g   i n   d i f f e r e n t  
records. The most i m p o r t a n t   c o n c e p t  u s e d  t o  d e f i n e   t h e s e  
r e l a t i o n s h i p s  is t h e  CODASYL s e t  c o n s t r u c t ,   w h i c h  allows t h e  da t a  
b a s e   d e s i g n e r  t o  s p e c i f y   1 - t o - n   a s s o c i a t i o n s   b e t w e e n  record t y p e s .  
( A  s e t  o c c u r r e n c e  is  a n   a s s o c i a t i o n   o f   o n e   o w n e r   r e c o r d   o c c u r r e n c e  
w i t h  n member record o c c u r r e n c e s . )   T h i s   a s s o c i a t i o n  is made by 
s p e c i f y i n g   m a t c h i n g  se t  s e l e c t i o n  items i n   e a c h  record. 

The i n t e g r a t e d  d a t a  m o d e l i n g   a p p r o a c h   w i t h i n   t h e  I P I P  s y s t e m  
allows t h e   d e s i g n e r  t o  s p e c i f y  these a s s o c i a t i o n s   u s i n g   t h e  
ne twork  or r e l a t i o n a l   s t y l e   o f   d a t a   m o d e l i n g .   I n   t h e   n e t w o r k  
s t y l e ,   a s s o c i a t i o n s  a re  d e s c r i b e d   u s i n g   t h e  CODASYL s e t  c o n s t r u c t .  
I n   t h e   r e l a t i o n a l   s t y l e ,   t h e   d e s i g n e r   c a n   e q u i v a l e n t l y  u s e  t h e  
f o r e i g n   k e y   d e c l a r a t i o n .  

3 .  S t r u c t - u r e  D e f i n i t i o n s  

The s t r u c t u r e  d e f i n i t i o n s  of t h e  I P I P  d a t a  base s y s t e m  
p r o v i d e   t h e   m e c h a n i s m   f o r   g r o u p i n g  a c o l l e c t i o n   o f  record t y p e s  
( a n d   o c c u r r e n c e s )   t h a t  are t o  be accessed and   mod i f i ed  as a u n i t .  
The s t r u c t u r e  d e f i n e s   a n   o r d e r e d   p a t h   t h r o u g h   t h e   r e c o r d s   t h a t  is  
used  b y   t h e   d a t a  base s y s t e m  t o  p r o c e s s   e a c h  da ta  base request .  
T h i s   p a t h  is  based o n   t h e   a s s o c i a t i o n s  (sets)  t h a t   h a v e   b e e n  
d e f i n e d   i n   t h e   s c h e m a s .   T h e   f i r s t  record o f   t h e   p a t h  is cal led a 
root  record,  a n d   i t .   d e t e r m i n e s  a s t ruc tu re  o c c u r r e n c e .  

T h e   i n c l u s i o n   o f   t h e  s t r u c t u r e  f a c i l i t y   p e r m i t s   t h e   q u e r y  or 
b a t c h  user ,  w i t h   o n e  command, t o  access d a t a  w i t h i n  records l i n k e d  
t o g e t h e r   i n   c o m p l e x  da t a  s t r u c t u r e s .  The s t r u c t u r e  f a c i l i t y  
p r o v i d e s   t h e   s y s t e m   w i t h  a mechanism t o  allow an  upper-schema 
record t o  be composed o f  items f r o m   s e v e r a l   l o w e r - s c h e m a  records. 

1 86 



4. Upper-Schema Records 

The upper schema is  a d e s c r i p t i o n  of t h e   d a t a  as seen by the 
a p p l i c a t i o n  (or CAD/CAM) systems  wishing t o  access t h e   d a t a ,  
These records  are stored so t h a t  a s i n g l e  DML command  may store, 
modify, or retrieve a geomet r i c   en t i t y  as a u n i t ,  Thus, t h e   u s e r  
(a CAD/CAM a p p l i c a t i o n  program or a query  user) may access a 
geometry ent i ty   without   per torming a series ot DML commands. 

5 ,  Mapping Base-Level t o  Upper-Level  Schemas 

The sdhems-mdpping f a c i l i t i e s   w i t h i n  IPIP t h a t  are used t o  
map items of the upper-schema records from items of records i n  a 
s t ruc tu re   p rov ide  a f a c i l i t y   n o t  found i n  m o s t  data base 
management systems. 

The DBA may s p e c i r y  a mapping not  only  from  an i t e m  w i th in  a 
record type ,   bu t  also a mapping from an item of a p a r t i c u l a r  
occurrence of a record  within a s t ructure   occurrence.   This   a l lows 
the use r  t o  map an i t e m  of the ex te rna l   r eco rd  from  an i t e m  i n  a n  
occurrence ot a record within a s t ruc tu re   ( e ,g  . , t h e   f i r s t  
occurrence of an  i t e m  w i th in  a s t r u c t u r e ) .  

6 ,  Const ra in ts  

The cons t ra in t   p rocess ing  of  geometry  enforces  geometry  data 
i n t e g r i t y ,  which means t h a t  the system aoes n o t  allow (1) ill- 
defined  geometry t o  be stored and (2) changes t o  e x i s t i n g  data 
t h a t   r e s u l t  i n  i l l -def ined  geometry,  Such c o n t r o l   i n   e x i s t i n g  
systems i s  u s u a l l y   d i f f i c u l t ,  First, g e o m e t r i c   e n t i t i e s  are 
usua l ly  composed ot m u l t i p l e  record types   conta in ing   mul t ip le  
record occurrences.   Since it is not p o s s i b l e  t o  store these 
e n t i t i e s   w i t h  a s i n g l e  data base commaa, s t o r i n g   s i n g l e  data base 
records w i l l  l e ave  tne system w i t h  invalid  geometry  aata.   Seconu, 
leav ing  t h e  enforcement of data i n t e g r i t y  t o  t h e   a p p l i c a t i o n  u s e r  
of t h e  DBMS c a n   r e s u l t   i n   t h e   s t o r a g e  of i n v a l i d  geometric da ta ,  
s i n c e   c o n s t r a i n t s   e x i s t  as to which stored da ta  items c o n s t i t u t e  
v a l i d   g e o m e t r i c   e n t i t i e s ,  

The c o n s t r a i n t s  t o  be eniorced   dur ing   the  DML opera t ions  
def ined above are a e f i n e d   i n   t h e  schemas. Tnese   cons t ra in ts   a re  
checked  whenever a s t ruc tu re   occu r rence  is about t o  be updated. 

The majority of cons t r a in t s   u sed  t o  ensure  geometry  data 
i n t e g r i t y  are based  on data a s s o c i a t i o n s   d e f i n e d   i n  the schemas, 
Whether the DBA chooses t o  use CODASYL sets or foreign  keys to  
describe a s s o c i a t i o n s ,  the schema language allows him t o  inpose 
c o n s t r a i n t s  b e t w e e n  t h e  records ot the as soc ia t ion .  O t h e r  
c o n s t r a i n t s  may restrict t h e   t y p e s  of ope ra t ions   t ha t   can  be 
performed  on record types; e .g . , t h e  MEMBERSHIP DEPENDENT 
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c o n s t r a i n t   r e q u i r e s  that a n  owner record exis t   Defore  any m e m b e r  
recora is stored, 

m o t h e r  type of c o n s t r a i n t ,   c a l l e d  a key   cons t r a in t ,  
restricts the  values of items used to i d e n t i f y   r e c o r d s .  The t w o  
constraints used i n  seometry schemas are DUPLICATES N O T  ALLOWED 
and NULL NOT ALLOWED. 

The bBA may choose to restrict ope ra t ions  allowed on records 
oi a schema so that unauthorizea modci f  i c a t i o n s  may be prohibited. 
Such d r e s t r i c t i o n  is necessary in cases where read access may be 
d e s i r a b l e  on the i n d i v i d u a l  recoras of a s t r u c t u r e   b u t  where 
s t ruc tu re   mod i i l ca t ion  must always be performed as a n   i n d i v i s i b l e  
opera t ion  . 

7. DML Operations 

Operat ions  avdi lable  t o  the use r  t o  access s t r u c t u r e s  are the 
same as those avaiiable t o  the system a s  a whole: STORE, DELETE, 
MODIFY, FETCH, FI i JD ,  G g T ,  COPY, and REMOVE;. While the  IPAD 
canonlcal  geometry forms are always  containea  within a s t r u c t u r e  
d e f i n i t i o n ,  this does uot exclude  nongeometry  users from us ing  
these tac i l i t i es  t o  access, store, or retrieve data. 

Operations tha t  access s t r u c t u r e s  do so by  following their 
spec i f i ed  p a t h s  and by performing t h e  a c t i o n s  d ic ta ted  by the 
constraint opt ions  on the  sets and on the opera t ion  i tsel f .  

8.  DKG Processing Directives 

T h e  schema con ta ins   op t ions  t o  c o n t r o l  the processing of DML 
opera t ions  on recorus  i n  the a a t a  base. One impor t an t   d i r ec t ive  
i s  the SOURCE statement ,  i n  which changes t o  the  owner (foreign 
key)  record items are propagated t o  m e m b e r  ( fore ign)  records. The 
DLLETE FEiMBERS I F  DELETE; OWNM c i i r e c t i v e   a c t i v a t e s  t h e  d e l e t i o n  of 
member records when their set owner is deleted . The COPY MJWBERS 
15 COPY OWNLR d i r e c t i v e  calls  for a copy ot members when an owner 
is copied. l'he DLLLTE W N E K  IF SLT EMPTY directive provides for 
t h e  deletion of owners when the last member record  of the set is 
ueletea. 

9 .  User Features  

Seve ra l   f ea tu re s  exist w i t h i n  the system t o  provide the u s e r  
w i t h  it more use r  friendly way of s t o r i n g  geometry. First, the 
system has  the a b i l i t y  t o  assign  system-generated names t o  items 
used t o  show record d s s o c i a t i o n s ;   t h u s ,  the u s e r  does not   have t o  
y i v e  these names e x - p l i c i t l y   i n  LJVL commards t h a t  store the  da ta .  
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Second, t h e  DBA may choose t o  ass ign   defaul t   va lues  t o  items so 
t h a t  ltems not stored may be assigned  values by the  sys tem.  

GEWETRY SCHEMA DEVELOPMENT 

The mathematical  representations of geometry e n t i t i e s  t o  be 
used i n  IPAB geometry data   base management have  been  presented. 
For a DBMS t o  control  anu  provide  access t o  t h e s e   e n t i t i e s ,  t h e  
geometry data must be organized  into schemas. This   sect ion 
descr ibes   the schemas developed  for IPAD geometry  and the 
c a p a b i l i t i e s   f o r  geometry  manipulation  provided by t h e  IP IP  DML, 

The following levels or schemas were def ined   to   suppor t  data 
de f in i t i on  anu manipulation of geometr ic   ent i t ies :  

3.  Upper-level l o g i c a l  schenlas to support  record-at-a-time UYL 
commas  on the e n t i t i e s  

?he i n t e r n a l  schema will cons is t  of i n t e rna l   cop ie s  of the  
record types from the base-level l o g i c a l  schema. The mapping of 
s t ruc tu res  t o  t h e  i n t e r n a l   l e v e l  is n o t   v a l i d   i n  the current  
implementation - 

The tieometry  Base-Level Schema 

the  aef ining values for  each e n t i t y ,  as  given by i ts  
canonical io=, are   contained  in  a base-level schema. Along w i t h  
the mathematics t o  produce the shape, t h i s  i n f  ornration is 
s u f f i c i e n t  to allow  reconstruction of t h e   e n t i t y -  

The hierarchical r e l a t ionsh ip  between en t i t y   t ypes  w a s  Used 
i n  organizing the aef ining  data  items f o r   t h e   e n t i t i e s   i n t o   r e c o r d  
types and structures; thus associat ions between e n t i t i e s  are built 
i n t o  the schema- The associations are fur ther   specif ied  using 
such DDL cons t ruc ts   as  CODASYL sets (foreign  keys)  with  constraint  
options,   source  declarations,  and key cons t ra in ts .  The i n t e g r i t y  
of these  associat ions is maintained by the  system by enforc ing   the  
constraints   during DML processing- 

The en t i t y   t ypes  selecteu f o r   t h i s  schema were OBJECT, 
COMPOSITE SURFACE, PATCH, COMPOSITE CURVE, SEGMENT, VERTEX, and 
VECTOR. Other e n t i t i e s  may be added t o  the  schema and associated 
w i t h  the  ones  already  declared.  Figure 2 showed the hierarch ica l  
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re la t ionship   be tween these e n t i t i e s ,  Each e n t i t y  may be de t ined  
in terms of i t s  component e n t i t i e s ,  as shown i n  the hierarchy.  
T L U ,  a segment is conposed of its t w o  end vertices, and a 
composite  curve is cornposea oi a iist of i ts  segments. These 
r e l a t i o n s h l p s  dre the foundation for organiz ing  record types  in 
the  base- level  schema. 

We take t h e  approach t h a t  an e n t i t y  is s t o r e d  by re ferenc ing  
its component e n t i t i e s .  Thus, a segment is s t o r e d  i n  terms of i t s  
t w o  end vertices r a t h e r   t h a n  the va lues  for its end  points and 
tangents .  This w i l l  pexn i t  the shar ing  of vertices o r  p o i n t s  by 
segments. T h s ,  a modif ica t ion  of p o i n t   v a l u e s  w i l l  a f f e c t   a l l  of 
the segments t o  which t h e  p o i n t s  belong. 

The base-level schema is declared by d e f i n i t i o n  of record 
types ,  a s s o c i d t i o n s ,   c o n s t r a i n t s ,   s t r u c t u r e s ,  and DML directives. 

D e t i n i t i o n  of Record Types.- The ne thodology  used   in   def in ing  
record  types Lor the gemet ry   base - l eve l  schema i s  ou t l ined  
below: 

7 .  Data items are aetermined irom the def in ing   va lues  of each 
e n t i t y ,   a s   g i v e n  by i t s  canonical  torm. 

2. An i d e n t i t i e r  composed of one or more data items is 
aeterminea for e a c h   e n t i t y  type. Data items whose values  are  
uniquely  aeterrltined by t h e  e n t i t y   i d e n t i f i e r   a r e  grouped i n t o  
a record tyFe w i t h  t h a t   i d e n t i f i e r  as a unique  key. However, 
an item having seve ra l   va lues  for a g i v e n   e n t i t y  may belong 
i n   a n o t h e r   r e c o r a  type w i d 1  the i d e n t i f i e r  f o r  the e n t i t y .  

3 ,  If a one-to-many a s s o c i a t i o n   e x i s t s  between an e n t i t y  and its 
components, t h e  i d e n t i t i e r  of t h e   e n t i t y  i s  p l a c e d   i n  
record  type ror which the  i d e n t i f i e r  of t h e  component is a 
unique key. I f  a many-to-many assoc ia t ion   ex is t s   be tween 
e n t i t i e s ,  a s e p a r a t e  record is usea t o  model the as soc ia t ion .  
The i d e n t i t i e r s  would comprise a t w o - i t e m  unique  key. 

These cons ide ra t ions  will be elaboratea a n a   i l l u s t r a t e d   i n  
the tollowlng d e s c r i p t i o n  of the base-level schema f o r  geometry. 

Each of the de f in ing   va lues  i n  the canonica l  forms of t h e  
entities is represented  by a d a t a  i t e m ,  For example, the  p o s i t i o n  
and tangent  vector v a l u e s   i n  a segment v e r t e x  are represented  by 
the item XYZ I n  t he  recoru VECTuH. The parameter izat ion of d 
segment i s  represented  by the item FLOW i n  the record t y p e  
SEGLIST. 

The e n t i t y  name is used as  the i d e n t i f i e r  for record 
occurrences which con ta in   da t a  items t o  d e f i n e   t h e   e n t i t y .  This 
i den t i f i e r  is a key i t e m  w i t h  the c o n s t r a i n t  DUPLICATES NOT 
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ALLOWED. The record types  CCLIST, SEGMENT, and VERTLIST have 
unique keys C C D ,  S E G I D ,  ana VE.RTID and contain  unique  occurrences 
for each of t h e   e n t i t i e s  of types  COMPOSITE CURVE, SEGMENT, and 
VEP.TEX, respect ively,   These records c o n t a i n   d a t a  items that are 
uniquely  determinea by the e n t i t y   i d e n t i f i e r s -  

The a s s o c i a t i o n  of an   en t i t y   w i th  its components i s  one-to- 
many and perhaps many-to-many, as previous ly   descr ibed ,  We nave 
chosen t o  allow a maximum f l e x i b i l i t y  o f   e n t i t y   a s s o c i a t i o n s  for 
IPAD geometry  ana,   tnerefore,  we have  chosen a record 
c o n f i g u r a t i o n   t h a t  allows many-to-many re la t ionships   be tween 
e n t i t i e s ,   T h i s   r e q u i r e s   t h a t  tlie e n t i t y  identifier and  cmponent 
i d e n t i f e r  be items i n  some concnon record t y p e .  

A poss ib l e  way t o  de f ine  record types  t o  a s s o c i a t e  the e n t i t y  
with i t s  component e n t i t i e s  is t o  have  one  record fo r  t h e   e n t i t y  
type  with items t o  i d e n t i f y   t h e  components. (See f i g u r e  3. )  One 
occurrence of record SEGMENT would i d e n t i f y   t h e  two end vertices. 
This   conf igura t ion   has  l imited f l e x i b i l i t y ,   s i n c e   t h e  maximum 
number of component e n t i t i e s  i s  f ixed  by the  number of record 
items. The number or v e r t e x  components  needed v a r i e s  w i t h  t h e  
type  of   ver tex:  one t o r  LINEAR, t w o  tor CUBIC, t h r e e   f o r  QUINTIC. 
Thus, some items w l l l  be n u l l   f o r  mclny record occurrences,  or 
s e p a r a t e  record types  would be requ i r ed   fo r  the vertex types ,  The 
a d d i t i o n  of a ver tex   type  t h a t  r equ i r e s  more d e r i v a t i v e s  ana,  
hence, more components would r e q u i r e  a change i n   t h e  schema. 

The number oi a s s o c i a t i o n s  (CODASYL sets or foreign  keys) 
required  depends upon t h e  number of  component e n t i t i e s ;   f o r  
example, t w o  a s s o c i a t i o n s   a r e   r e q u i r e d  t o  l i n k  the SEGMENT record 
w l t h  the VEXTEX record, 

The schema t h a t  w e  ac tua l ly   cons t ruc ted   p rovides  a 
conf igura t ion  of record types  for which the number of component 
e n t i t i e s  may vary   ( f ig ,  4) . The i t e m s  END and COMP serve t o  
order and thus  i d e n t i r y   t h e   r e i a t i o n s h i p s  of the components t o  tne  
e n t i t y .  For example, a segment has a ver tex  corresponding t o  the 
f i r s t  flow  parameter (LND = 1) and a ver tex  corresponding t o  the 
second (END = 2) - bach  ver tex i n  t h e  example i n  f i g u r e  4 is 
CUBIC, b u t   i f  a QUINTIC w e r e  required,  a second derivative could 
~e added as a corrqonent t o  the vertex  by  adding  another  occurrence 
i n  the VERTVECT record and w i t h  no change i n   t h e  record 
d e c l a r a t i o n .  

Only one   assoc ia t ian  is  required between record types  w i t h  
t h i s  conf igurat lon.   There is, however, the disadvantage of more 
record occurrences,  and  the  trade-off  must be considered. Some of 
t h e  record t y p e s   a n d   a s s o c i a t i o n s   i n  the base- level  schema are 
shown i n  figure 5. 

Composite e n t i t i e s  a r e   de f ined  by a list of p r i m i t i v e  
e n t i t i e s .  Thus, a composite curve c o n s i s t s  of a list of seqments. 
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The record   types  t o  r ep resen t  composite curves are CCLIST and 
CCSEG, as shown i n   f i g u r e  5. H e r e  SEGID i n  CCSEG r e fe rences  a 
segment t h a t  is identified by SEGID i n  SEGLIST. 

Associations.- As described i n  a previous  section, the 
associat ions  between record items may be e x p l i c i t l y   d e f i n e d   u s i n g  
CODASYL sets or  foreign  keys.  Ihe arrows i n  t h e  f i g u r e s   p o i n t  
from owner t o  member and c o n s t i t u t e  a one-to-many r e l a t i o n s h i p ,  
Thus, a psr t icu lar   composi te  curve has one or more segments 
a s soc ia t ed  w i t h  it via W P 3 ,  and a v e r t e x  may belonq t o  one o r  
more segments v i a  SgT6. 

Constraints -- C m s t r a i n t s  on the a s soc ia t ions   be tween   en t i t i e s  
s e rve  t o  speciry the e x a c t   r e l a t i o n s h i p  requirea by the e n t i t i e s .  
Enforcement of these c o n s t a i n t s  w i l l  ensure t h a t  only v a l i d  
geometry is stored i n  the d a t a  base. C o n s t r a i n t s  may be added t o  
these a s s o c i a t i o n s  to speci iy   a l lowtlble   values  for the number of 
members. For example, a segment  must  have e x a c t l y  t w o  vertices; a 
composite  curve might  be r equ i r ed  t o  nave a t  least one  segment 
and, a t  most, 20 segments, A par t icular   segment   might  be allowed 
t o  belong t o  no more than one composite curve. This c o n s t r a i n t  
may be declared  using the NUMBE;K s p e c i f i c a t i o n   i n  t h e  COOASYL set 
or  fo re ign  key d e c l a r a t i o n .  For example, SLT5 should have 
NUYBEH=2. 

The c o n s t r a i n t   r e q u i r i n g  blat  t he  t w o  end vertices must e x i s t  
i f  a segment i s  t o  exist is spec i f i ed   u s ing  the MEMBERSHIP 
DEPENDENT opt ion  on the set l i n k i n g  SEGVERT ana VERTIST, SET6. 

Structures.- The s t ruc tu res   de f ined  in the geometry base-level 
schema correspond to the en t i ty   t ypes   and   con ta in  records to be 
s t o r e d  or r e t r i e v e d   t u g e t h e r .  Some s t r u c t u r e s  w e  have d e f i n e d   a r e  
shown i n  f i g u r e  6 .  A seyment to  be r e t r i e v e d  niay be iden t i f i ed   by  
a va lue  for  SEblD i n  SELLIST, w h i c h  is the root of s t r u c t u r e  
SEGMSNT. Then sll of the record occurrences related via the sets 
i n  the s t r u c t u r e  t o  the root occurrence for t h a t  segment w i l l  be 
r e t r i e v e d  - (See f igure  4.) 

3-m Directives.- lhe data def in i t i on   l anguage   cons t ruc t s   d i r ec t ing  
tile processing  ttlrough the mul t ip l e  record s t r u c t u r e s   r e p r e s e n t i n g  
geometry e n t i t i e s  were described p r e v i o u s l y .  €iere we will show 
how t h k y  aid t h e  manipulation of geometry e n t i t i e s  and he lp  t o  
preserve the i n t e g r i t y  of the  data. 

The i n t e g r i t y  of data  shared  between record types  may be 
maintdined  autorrlatically by using the SOURCE c o n s t r u c t  described 
in a previous sec t ion .  CTILI i n   r e c o r d  CCSEG i s  dec lared  as source 
irorn CCID i r r  record CCLIST v i a  SET3 . A mod i f i c t ion  of CCID i n  
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CCLIST w i l l  r e s u l t   i n   t h e   c h a n g e  t o  C C I D  i n  CCSEG. However, a 
c h a n g e   o n l y   i n   t h e   v a l u e   o f  C C I D  i n  CCSEG would  mean t h a t   t h e  
segment  is t o  b e   a s s o c i a t e d   w i t h  a d i f f e r e n t  composite c u r v e .  
S i n c e  SET3 i s  a l so  MEMBERSHIP DEPENDENT, t h e   c u r v e   i d e n t i f i e d  by 
t h e  new C C I D  v a l u e   m u s t   e x i s t   i n  CCLIST. 

T h e   s c h e m a   d i r e c t i v e s  fo r  m u l t i p l e   r e c o r d   p r o c e s s i n g  are used  
t o  d e f i n e  t h e  propagated DELETE, REMOVE,  MODIFY, and COPY t o  
allow u p d a t e   o n   a n   e n t i r e   e n t i t y   i n   o n e  command. For e x a m p l e ,   t h e  
d i r e c t i v e  DELETE MEMBER I F  DELETE OWNER on SET5 w o u l d   c a u s e   t h e  
d e l e t e  t o  b e   p r o p a g a t e d   f r o m  SEGLIST t o  SEGVERT i n   o r d e r  t o  d e l e t e  
a l l  t h e  appropriate  r e c o r d   o c c u r r e n c e s   f o r   t h e   s e g m e n t   b e i n g  
d e l e t e d .  DELETE OWNER I F  SET EMPTY on  SET6 w o u l d   c a u s e   t h e  
v e r t i c e s  t o  b e   d e l e t e d   a l o n g   w i t h  a s e g m e n t   u n l e s s  MEMBERSHIP 
DEPENDENT p r e v e n t s   t h e   d e l e t i o n   o f  a v e r t e x   u s e d   o n   a n o t h e r  
s e g m e n t .   S i m i l a r l y ,  COPY MEMBER I F  COPY OWNER w i l l  p r o p a g a t e   t h e  
copy process from SEGLIST t o  SEGVERT v i a  SET5. 

Upper-Level  Schemas and DML 

F i g u r e  7 shows some u p p e r - l e v e l   s c h e m a  records d e v e l o p e d  t o  
s u p p o r t  I P I P  DML on  I P A D  g e o m e t r i c   e n t i t i e s .  Each p r i m i t i v e  
g e o m e t r i c   e n t i t y   ( e . g . ,  VECTOR, VERTEX, SEGMENT, and PATCH) is 
r e p r e s e n t e d   i n   a n   u p p e r - l e v e l   s c h e m a  record. T h e   r e l a t i o n s h i p s   o f  
t h e   e n t i t i e s  t h a t  were d e f i n e d   i n   t h e   b a s e - l e v e l  schema m u s t   b e  
r e p r e s e n t e d   h e r e  as well. T h e i r   a s s o c i a t i o n s  are shown  by t h e  
CODASYL set  ( f o r e i g n   k e y )   d e f i n i t i o n s   c o n n e c t i n g   t h e  records i n  
f i g u r e  7.  

Each record f o r  a p r i m i t i v e   e n t i t y   c o n t a i n s   t h e  items 
r e q u i r e d  t o  d e f i n e   a n d   m a n i p u l a t e   t h e   e n t i t y .  Because a record 
for a p r i m i t i v e   e n t i t y   c o n t a i n s  a l l  t h e  d e f i n i n g   d a t a ,   o n l y   o n e  
DML command i s  r e q u i r e d  t o  access a n d   u p d a t e   t h e   e n t i t y .  

Each of t h e  composite e n t i t i e s  is r e p r e s e n t e d   b y  t w o  or more 
r e c o r d s .  One r e c o r d   c o n t a i n s  a u n i q u e   o c c u r r e n c e   f o r  each e n t i t y  
o f   t h a t   t y p e ;   t h e  o the r s  associate  t h e  composite e n t i t y  w i t h  i t s  
compo’nent e n t i t i e s   i n  a many-to-many r e l a t i o n s h i p .  For example ,  a 
composite c u r v e  is r e p r e s e n t e d   b y  records CCURVE and  CCSEG. 

An upper schema   cou ld  a l s o  be w r i t t e n  t o  r e p r e s e n t   a n o t h e r  
t y p e   o f   g e o m e t r y   s u c h  as  t h e  A N S I  c o m m u n i c a t o n   s t a n d a r d .   T h i s  
geomet ry   v i ew  cou ld   be   mapped  from t h e  I P A D  g e o m e t r y   b a s e - l e v e l  
schema.   These   mappings  require t r a n s f o r m a t i o n   b e t w e e n   L a G r a n g e  
and Hermite m a t h e m a t i c a l   r e p r e s e n t a t i o n s .  The mapping  schema 
w o u l d   c o n t a i n  a d e f i n i t i o n  of a many-to-many item t r a n s f o r m a t i o n .  
For example ,  t h e  f o u r   p o i n t s   r e p r e s e n t i n g  a c u b i c   c u r v e   i n  A N S I  
w o u l d   t r a n s f o r m  t o  t h e  t w o  p o i n t s   a n d  t w o  t a n g e n t s   o f   a n  I P A D  
c u b i c   c u r v e .   T h e   n e x t   s e c t i o n  w i l l  d i s c u s s   t h e   r e l a t i o n s h i p   o f  
I P A D  t o  ANSI geometry   and   schemas .  
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ANSI Standard i n  IPAD 

IPAD suppor t s   t he  ANSI standard for comunica t ion  of physical 
objects by means of a l o g i c a l  schema mapped from the IPAD base- 
l e v e l   l o y i c d l  geometry schema. 

The A N S I  l o g i c a l  schema c a p t u r e s   t h e  ANSI standard as  much as 
poss ib le  by using a record type   for   each  ANSI structure type. 
(The ANSI structure type is  no t  to be confused  with  the IPAD 
s t ruc tu re . )  The actual   conversion between t h e  ANSI s t a n d a r d   i n  
the ANSI schema and t he  IPAO representa t ion  i n  t h e   l o g i c a l  schema 
is s p e c i f i e a   i n  the mapping between the t w o  schemas. 

This  approach leads to several complications,  Most ANSl 
s t ruc ture   types   can  map to seve ra l  I P k D  geometry en t i t i e s   ( e .g , ,  
the CUB s t r u c t u r e  type can be either a cubic   curve or a c u b i c   l o f t  
surface) ;   conversely,   an iPAD en t i ty   can  map t o  one of seve ra l  
ANSI t y p s  (e.g., a bilinear patch  could be mapped t o  the ANSI LIN 
s t r u c t u r e  o r  t o  the r i g i d  h d y  t r ans l a t ion )  . To avoid  confusion, 
each I P A D  log ica l   record   type   conta ins  d f i e l d  tha t  is used t o  
spec i fy  t h e  AiJSl s t ruc tuxe   t ype   t o  which a record  occurrence maps. 
When a n   e n t i t y  is stored  through some o the r  schema, this f i e l d  
w i l l  be s e t  to a prede termined   va lue   to   ind ica te   an  ANSI s t r u c t u r e  
type 

A second  complication arises from t h e   d i s p a r a t e  way each 
l o g i c a l  schema c le r ines   geometr ic   en t i t i es   in  terms of lower-level 
e n t i t i e s .   S i t u a t i o n s   c a n  arise where the   modi f ica t ion  of a value 
oi an ANSI schema e n t i t y   r e q u i r e s  a cascading series of changes t o  
values  of o t h e r   e n t i t i e s   i n   o r d e r  t o  r e t a i n   i n t e g r i t y .  To prevent 
such  r lonintuit ive side effects ,   manipulat ion of ANSI ex te rna i  
scherrla is limited t o  s to rage  ana r e t r i e v a l  commands only. T h i s  is 
not  considered a s e v e r e   r e s t r i c t i o n ,   s i n c e  the ANSI standard is 
designed t o  be a corrmunication  stanuard,  not a design  standard.  

Funct lona l   Capabi l i t i es  of IPAD Geometry and IPIP  DML 

The f u n c t i o n a l   c a p a b i l i t i e s  of l P A D  geometry i n  terms of. the 
IPIP IXL may be summarized : 

STOKE: Allows t he .   c r ea t ion  oL a l l  e n t i t i e s ,  both pr imi t ive  and 
composite,  and t h e  ada i t i on  of e n t i t i e s   t o  composite 
en t i t i e s .   Con t inu i ty   cons t r a in t s  may be spec i f i ed  when 
appropr ia te .  

MODIFY: . Proviues for. the modification of any d e f i n i n g   a t t r i b u t e  
of   an  ent i ty .  Names ana va lues  may be changed. 
Cont inui ty   cons t ra in ts  may be checked. 

COPY : Creates  a dup l i ca t e  and d i s j o i n t   e n t i t y ,  
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DhLETE: Deletes a n   e n t i t y  from a composite  enti ty.  

REMOVE: D i s a s s o c i a t e s   e n t i t i e s  from a composite  enti ty.  

FETCH : Locates and r e t r i e v e s   e n t i t i e s .  

FIND : Locates  one or more e n t i t i e s .  

GhT: Retr ieves  the e n t i t y  located i n   t h e  most  recent command 
o the r   t han  a store. 

These i n t e r p r e t a t i o n s  depend on t h e  usage of t h e  cornland wi th  
the appropriate  record  type.  The record CCURVE, f o r  example, is 
used w i t h  STORE when i n i t i a t i n g  a composite  curve,  e.g., when 
c rea t lng  a  composite  curve  with no segments. The record CCSEG is 
used  with STOkE, t o  add segments to   the  composi te   curve.  CCURVE 
would be used to DELETE or COPY a composite  curve,  while CCSEG 
would be used t o  RfiYOVE a segment  from the  curve or  t o  FETCH a 
segment i n  the carve, A MODIFY on CCSEG could  change t h e  aef in ing  
va lues  of a  segment or determine t o  which  composite  curve t h e  
segment  belongs. 

The following  examples  serve t o   i l l u s t r a t e  the use of the CML 
commands on t h e  LPAD upper-level schema t o  p e r t o m   t h e s e  geometry 
c a p a b i l i t i e s .  A more complete and detailed desc r ip t ion  of the DML 
and i t s  semantics and how they  may be appl ied t o  geometry w i l l  
appear   in   the  IPkD Uer documentation. 

1 - To i n i t i a t e  a composite curve: 

STORE CCID="CCl XN RECORD CCURVE 

2 . To create  segment  using  previously  definea vertices dnd add 
it to a composite curve: 

FLOW w i l l  be assigned the va lue  ( 0 , 1 )  by defau l t .  

3. T o  extend a composite  curve to contain a new segment whose 
second ver t ex  is g iven  by pos i t ion  and tangent   values  
(fig. 8): 

STORE CCID= 'CC 1 ! , SEGID= SkG2 ', VERT1 = 'VERTEX2 , 
POS2=tPOINT3e, PXYZ2=(4,6,-1)  ,TXYZ2=(-1,1,0) 
IN RECORD CCSEG 

4. To add an e x i s t i n g  segment to  a composite curve  and  join it 
t o  a segment  with CO con t inu i ty  ( f i g .  9 )  : 
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STORE CCID=tCCl',S~lD=fSM;(;3L.END='7~,~S~~ID=~SE~2',~~~=~2' 
IN RECOF23 CCSLG CONTINUITY CO 

5. TO change the value of an endpoint of a segment: 

MODIFY PXYZl=(2,3,7) IN HECORD SEGMENT 
WHERE SLGID="SE&2 a 

6 .  T o  delete a segment: 

D m T E  RECORD SEGMENT 
WHERE SEGID=@SEG2& 

The segment w i l l  D e  deleted unless  it is i n  a composite  curve 
or an  object.  Each vertex -11 be deleted unless  it is i n  another 
segment o r  object .  

7. To remove a segment from a composite curve: 

RLMOV- RECORi, CCSEG 
WHERE CCID= T C l  AND SkGID='SEG2 

The segment w i l l  n o t  be deleted. 

8 -  To copy a segment: 

COPY SEf(;ID='~SbtiIC ', IN RECORD SEGMENT 

WHIERh S G I D =  SEG 1 * 

The segmerlt SLG4 w i l l  be stored w i t h  the  f l o w ,  end posi t ion,  
and tangent  values of SEG1 but w i t h  new i d e n t i f i e r s  for each 
ver tex,   posi t ion,  and tangent  vector. 

9 .  To r e t r i e v e  a segment i n  a composite  curve: 

FETCH FIRS?' RLCOhD CCSEG 
WHERE CCID= CC 1 

The f irst  segment in CC1 will be re t r ieved .  
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CONCLUDING REMARKS 

The work presented in t h i s  paper is t h e   r e s u l t  of a team 
e f t o r t .  1PAD.s engineer ing  group  has   suppl ied t o  t h e  development 
team  the  requirements for managing  geometry. The development 
team, including mercers irom t h e  DBMS, geometry,  and s c i e n t i f i c  
programrr@q areas, has   deve loped   t he   s t r a t eg ie s  to manage the 
geometry data. One impor t an t   f ac to r  i n  this s o l u t i o n  is t h a t   t h e  
cons t ruc t s ,  data structures, c o n s t r a i n t s ,  and mathematical 
proceaures are def ined  through IPIP's data def in i t ion   l anguage .  
This  allows each  group  using IP IP  t o  cus tomize   the   requi red   da ta  
s t r u c t u r e s .  

Schemas presented  in t h i s   p a p e r  a i m  a t  suppor t ing  IPAD 
geometry. By adding more record types,  a l l  da ta   necessary  t o  
suppor t   the   geometry- re la ted   appl ica t ions  and other   engineer ing  
t a s k s  w i l l  be available  from  one  source.  With th i s   approach ,  a 
t r u l y   i n t e g r a t e d   e n g i n e e r i n g  aata base  can be achieved. 
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INTEGRATED 
APPLICATIONS 

MANAGEMENT 

COMMUNICATION 
GEOMETRY 

Figure 1.- In t eg ra t ed   da t a  management. 

NOTES 

LAYOUT 
A 

OBJECT VIEWS 

t 
VECTORS 

Figure 2.- Geometry hierarchy.  



SEGMENT I SEGID I VERTEX1 I VERTEX2 I 
I I i i 

VERTEX TANGENT POSITION VERTID 

vert 1 
' pos 1 tan 1 

vert 2 0 0 s  2 tan 2 

VECTOR  VECTID VALUES 

Figure 3.- Record configuration (number of 
component entities fixed. 

SEGLIST 

seg 1 
1 

SEGVERT I SEGID 1 END I V E R ~ I D  1 
seg 1 1 vert 1 

vert 2 

I I 

VERTLIST I VERTID 1 
vert 1 
vert 2 

VERTVECT  VECTID COMP VERTID 

vert 1 1 POS. 1 
vert 1 2 tan 1 

2 

pos 1 (x l ,   y l ,  21) 
P o s  2 (x2, y2,22) 
tan 1 (x3, ~3.23) 
tan 2 (x4, y4.24) 

Figure 4. - Record configuration (number of 
component  entities may  vary. 



OBJLIST 

OBJCC 

CCLIST 

CCSEG 

SEGLIST 

SEGLIST 

+"" "* 

-: 
ASSOCIATION 
OWNER-MEMBER 1 SETI(MD, DMDO, CMCO) + "" -D: 

+ """_" "" -b KEY  WITH 
I I I DUPLICATES  NOT  ALLOWED I OBJIDS I CCIDS I 

A 2  (MD, DOSE) 
+"""+ 

I CClD I CCTYPE 1 
1 SET3 (MD, DMDO,. CMCO) 

A T 4  (MD, DOSE) 
+""" -b 

SEGlD FLOW 

S: SOURCE ITEM 

DM DO: 
DELETE  MEMBER I F  
DELETE OWNER 

DOSE: 
DELETE OWNER IF  
SET EMPTY 

CMCO: 
COPY MEMBER I F  
COPY OWNER 

MD : 
MEMBERSH I P 
DEPENDENT 

+""" + 

SEGID FLOW SEGTYPE 1 1 SET5 (MD, DMDO, CMCO) 
+""" """ "* 
I 

SEGVERT VERTID END SEGIDS 

+""" SET6 (MD, DOSE) 

VERTLIST VERTID  VTYPE 

I S E T 7  (MD, DMDO, CMCO) 
* - """"" -* 

VERTVECT V E R T I D ~  VECTI'D COMP 

+---"+ SET8 (MD, DOSE) 

VECTLIST X Y Z  VECTl D 
VALUES 

Figure  5. -  Base-level schema. 
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STRUCTURE OBJCC: 

OBJCC (ROOT) 
SET1 / \ SET2 

OBJLIST  CCURVE  (STRUCTURE) 

STRUCTURE CCURVE: 

CCLIST  (ROOT) 

STRUCTURE CCSEG: 

CCSEG (ROOT) 
SET3 f \ SET4 

CCLIST SEGMENT (STRUCTURE) 

STRUCTURE SEGMENT: 

SEGLIST  (ROOT) 

SET5  1 
SEGVERT (2 OCCURRENCES) 

SET6 1 
VERTLIST (2 OCCURRENCES) 

2 

1 

SET7 I 
2 

VERTVECT  (4 OCCURRENCES) 
b 

SET8 I 1 

VECTLIST  (4 OCCURRENCES) 

Figure 6". Base-level schema st ructures .  

4"--"-, 

CCURVE  CClD  CCTYPE 

1 SET1  (MD,  DMDO) 
- 

CCSEG T X Y Z l  T A N 1   P X Y Z l  POSls  VERT1 s FLOWs SEGIDS CClDS 
f 

/ VERTZS 
TXYZ 2 T A N 2  

PXYZ2s 
POs2 S S S 

SET  2 (MD,  DOSE) 

~~~ 

SEGMENT  SEGID I FLOW 1 VERT1 I POSl PXY z 1 TAN 1 T X Y Z l  
~~~ 

S S S S S 
f 

VERT2  POS2 PXYZ2 T X Y Z 2  T A N 2  
S S S S S 

VERTEX TXYZ  TANGENT PXYZ V E R T ~ D  POSITION S S S S 

4 " ~ ~ ~  SETy SET 6 (MD, DIOSE) 

VECTOR I VECTID I ::AES I 
Figure 7.- Upper-level schema record types. 
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cc1 c 
""" i 

SEG 2 

VERTEX 2 
%"H PXYZ = (4,6,-1) 

VERTEX 1 TXYZ = (-1, 1 ,O)  

Figure 8.- Extending a composite  curve. 

POINT 4 

VERTEX 1 

Figure 9.- Segments joined  with  cont inui ty .  
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USER INVOLVEMENT IN IPAD 

SOFTWARE  DEVELOPMENT 

Walter A. B r y a n t   a n d  Haro ld  A. C r o w e l l  
The  Boeing Company 

SUMMARY 

S i n c e  t h e  c o n t r a c t   g o - a h e a d   f o r   t h e  I P A D  ( I n t e g r a t e d   P r o g r a m s  
f o r   A e r o s p a c e - V e h i c l e   D e s i g n )   s y s t e m ,   t h e r e   h a s   b e e n   e x t e n s i v e   a n d  
e f f e c t i v e  user i n v o l v e m e n t   i n  support  o f   t h e   s y s t e m   r e q u i r e m e n t s  
a n d   s o f t w a r e   d e v e l o p m e n t .   T h r o u g h   t h e   s e l e c t i o n   a n d   d e v e l o p m e n t  
o f   d e m o n s t r a t i o n   m o d u l e s   w i t h   s u p p o r t i v e   a p p l i c a t i o n   p r o g r a m s ,   t h e  
u s e r  i n v o l v e m e n t   c o n t i n u e s  t o  t e s t  a n d   e v a l u a t e   t h e   p r o t o t y p e  
s o f t w a r e .   T h e   f e a s i b i l i t y   o f   f o l l o w - o n   d e v e l o p m e n t   c a n   b e  
e s t a b l i s h e d   o n  t h e  b a s i s   o f  t h e  d o c u m e n t a t i o n   a n d   d e m o n s t r a t i o n s  
i n   c o n j u n c t i o n   w i t h   i n f o r m a l   i n f o r m a t i o n  t h a t  w i l l  b e   a v a i l a b l e  
f r o m   t h e  u s e r  r e p r e s e n t a t i v e s  a t  t h e  time o f   f i n a l   c o n t r a c t  
d e l i v e r y .  

IIJTRODUCTION 

T h e   p a p e r s   p r e s e n t e d   p r e v i o u s l y   i n   t h i s   s y m p o s i u m   h a v e  
d e s c r i b e d   t h e  aerospace d e s i g n   e n v i r o n m e n t   a n d  t h e  associated 
i n f o r m a t i o n  processes t h a t  m u s t  be s u p p o r t e d   b y  I P A D .  Sys tem 
c o m p o n e n t s   h a v e   b e e n   d e s c r i b e d   b y   t h o s e   r e s p o n s i b l e   f o r  I P A D  
d e s i g n .   T h e s e   d i s c u s s i o n s   h a v e   a d d r e s s e d  t h e  r e q u i r e m e n t s   a n d  
c a p a b i l i t i e s   o f  a " f u l l "  I P A D  s y s t e m ,  as well a s  some aspec ts  of 
t h e  p r o t o t y p e   c o m p o n e n t s .  

T h i s  p a p e r   a d d r e s s e s   t h e   e x t e n s i v e  u s e r  i n v o l v e m e n t   i n  t h e  
s o f t w a r e   d e v e l o p m e n t   o f  I P A D  a n d   t h e   f u n c t i o n a l i t y   o f  t h e  I P A D  
p r o t o t y p e  as  v iewed   by   t he  u s e r .  A l t h o u g h   n o t  a p r o d u c t i o n   s y s t e m  
t h a t   c a n  suppor t  a n   o n g o i n g   d e s i g n   p r o c e s s ,   t h e  I P A D  p r o t o t y p e  is 
u s e f u l   f o r   t h e   p o t e n t i a l   u s e r  as  well a s  t h e   i n t e r e s t e d   s y s t e m  
d e s i g n e r   a n d  is a n   e s s e n t - i a l  tool f o r   t h e   c o m p a n i e s  committed t o  
t h e  u s e  o f   t h e  I P A D  s y s t e m .   I n   t h i s   p a p e r   " u s e r "   r e f e r s  t o  t h e  
e n g i n e e r  o r  m a n a g e r   r e s p o n s i b l e   f o r   t h e   d e s i g n ,   m a n u f a c t u r e ,  or 
m a i n t e n a n c e   o f  a product ,  t o g e t h e r   w i t h  those s u p p o r t i n g  these 
f u n c t i o n s .   ( D e v e l o p e r s   o f   s o f t w a r e   s y s t e m s  are  users  i n   a n o t h e r  
s e n s e  but. a r e  n o t   i n c l u d e d   i n   t h i s   d i s c u s s i o n . )  

R e p r e s e n t a t i v e s   o f   t h e  User Community 

I m m e d i a t e l y   f o l l o w i n g   t h e   i n t r o d u c t i o n ,   t h i s  paper d e s c r i b e s  
t h e   b r o a d   b a s e   o f  u s e r  r e p r e s e n t a t i o n  t h a t  e x i s t - s   i n   s u p p o r t   o f  
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t h e   d e v e l o p m e n t   o f   t h e  IPAD s y s t e m .   T h e   e n g i n e e r i n g   s t a f f  
r e p r e s e n t s   v a r i o u s   f u n c t i o n a l   b a c k g r o u n d s   a n d   h a s  access t o  t h e  
e x p e r i e n c e   o f  a b r o a d   s p e c t r u m  of users t h r o u g h   a n   a d v i s o r y  
c o u n c i l ,  m e m b e r s   a n d   o b s e r v e r s   o f   t h e   I n d u s t r i a l   T e c h n i c a l  
Advisory   Board  ( I T A B ) ,  a n d   s t a f f  members of t h e  I P A D  Program 
O f f i c e   ( I P O )  a t  NASA Lang ley .  

User Invo lvemen t  

T h e   n e x t   s e c t i o n   d e s c r i b e s   t h e  roles a n d   i n t e r a c t i o n s   o f   t h e  
v a r i o u s  user  g r o u p s ,  a p r o c e s s   t h a t .   r e m a i n s  much a s  i t  h a s   e x i s t e d  
f rom t h e  b e g i n n i n g   o f   t h e   c o n t r a c t   a n d  is e x p e c t e d  t o  c o n t i n u e ,   i n  
some f o r m ,   e v e n   b e y o n d   t h e   s o f t w a r e   d e l i v e r y .  T h e  d a i l y  
i n t e r a c t i o n   b e t w e e n   t h e   e n g i n e e r i n g   a n d   c o m p u t i n g   s t a f f s   b e c o m e s  
more r i g o r o u s  as  t h e  time f o r   s o f t w a r e   d e l i v e r y   a p p r o a c h e s .   T h e  
u s e f u l n e s s   o f   t h e   s c e n a r i o  a s  a communica t ion  t oo l  is d e s c r i b e d .  

User E v a l u a t i o n  of t h e   P r o t o t y p e  

F i n a l l y ,   t h e   p a p e r   e v a l u a t e s   t h e   f u n c t i o n a l i t y   o f   t h e  I P A D  
p r o t o t y p e   f r o m  a u s e r ' s  v i e w p o i n t . .   D e m o n s t r a t i n g   t h e   p r o t o t y p e  t o  
t.he user  community is  t h e   r e s p o n s i b i l i t y   o f  t h e  e n g i n e e r i n g   s t . a f f .  
The  d e m o n s t r a t . i o n s   a p p l i e d   h a v e   e v o l v e d   f r o m   t h e   s c e n a r i o s .   T h e s e  
d e m o n s t r a t i o n s   a n d  t h e  a p p l i c a t i o n   p r o g r a m s   b e i n g   d e v e l o p e d  t o  
s u p p o r t   t h e   d e m o n s t - r a t i o n   p r o c e s s  a r e  d e s c r i b e d .   I n   s u p p o r t   o f  
t h e   d e m o n s t - r a t i o n   p l a n n i n g ,  a m a t r i x  was d e v e l o p e d  to map t h e  
p r o t o t y p e   c a p a b i l i t i e s   a g a i n s t   t h e   d e m o n s t r a t i o n   r e q u i r e m e n t s .  
T h e  m a t r i x  h a s  a l s o  p r o v i d e d   u s e f u l   v i s i b i l i t y   o f   t h e   p r o t o t y p e  
a n d   t h e   d e v e l o p m e n t   t h a t   f o l l o w s .  

REPRESENTATIVES OF THE USER COMMUNITY 

The i n t e r e s t s   o f   p o t e n t i a l  users  of t h e  I P A D  s y s t e m  are  b e i n g  
well s e r v e d  by a b r o a d   b a s e  of e x p e r i e n c e d   r e p r e s e n t a t - i v e s   o f   t h e  
user  community who h a v e   b e e n   i n v o l v e d   s i n c e  t h e  c o n t r a c t   g o - a h e a d  
i n  A p r i l   1 9 7 6 .  R e s u l t s  of  e a r l i e r  f e a s i b i l i t y   s t u d i e s   h a v e  a l s o  
b e e n   i n c o r p o r a t e d ,  t o  t h e   e x t e n t -   p r a c t i c a l ,  t o  p r o v i d e  user 
i n f o r m a t i o n .   F u n c t i o n a l   g r o u p s   r e p r e s e n t e d ,  as well as  t h e i r  
a p p l i c a b l e   e x p e r i e n c e ,  a r e  d e s c r i b e d   b e l o w .   F i g u r e  1 d e p i c t s   t h e  
user r e p r e s e n t . a t i v e s  and  t h e i r  r e l a t i o n s h i p s .  

IPAD E n g i n e e r i n g   S t a f f  

T h e  IPAD e n g i n e e r i n g   s t a f f  was o r g a n i z e d  a t  c o n t r a c t   g o - a h e a d  
and  r e m a i n e d   s t . a t . j . c   i n   s i z e   a n d   p e r s o n n e l   f o r   t h e   f i r s t   t h r e e  
y e a r s .  It. c o n s i s t e d   o f  a manager   and   four   engineers .   The   manager  
and o n e  e n g i n e e r  were from s t ruc tu res ;  t h e   o t h e r s   r e p r e s e n t e d  

204 

- . . . . .. . _. . 



p r e l i m i n a r y   d e s i g n ,  s t r u c t u r a l  d e s i g n ,   a n d . o p e r a t i o n s   t e c h n o l o g y  
( c o m p u t e r - a i d e d   m a n u f a c t u r i n g ) .  Of t h i s   s t a f f ,  two members had 
b e e n   i n v o l v e d   i n   t h e   f e a s i b i l i t y   s t u d y   ( o n e   f u l l  t ime),  a n d   t h r e e  
h a d   b e e n   i n v o l v e d   w i t h   t h e   c o n t r a c t .   p r o p o s a l .   T h e   i n i t i a l   e f f o r t  
r e q u i r e d  a t e m p o r a r y   b u i l d u p   o f   s e v e r a l   e n g i n e e r s   f r o m   w e i g h t s  
t e c h n o l o g y ,   c o m p u t e r - a i d e d   d e s i g n ,   m a n u f a c t u r i n g ,   t o o l i n g ,   a n d  
q u a l i t y   a s s u r a n c e ,  among o t h e r s .  L a s t  y e a r ,   t h e   b a s i c  makeup  of 
the   g roup   changed   somewhat .   The   manager  was named I P A D  A s s i s t a n t  
P rogram  Manage r ,   one   o f   t he   eng inee r s  was made   Engineer ing  
M a n a g e r ,   a n d   a n o t h e r  moved t o  a B o e i n g   o r g a n i z a t i o n   t h a t  was 
formed t o  implement I P A D .  S u b s e q u e n t l y ,  th ree  e n g i n e e r s   h a v e  
j o i n e d  t h e  s t a f f  from w i t h i n   t h e  c o m p a n y ,   o n e   f r o m   s t r u c t u r e s   a n d  
t w o  f r o m   m a n u f a c t u r i n g   e n g i n e e r i n g .  An e n g i n e e r i n g   a i d e  completes 
t h e   p r e s e n t   s t a f f .   W h e r e a s  a t  c o n t r a c t   g o - a h e a d   t h e   e n g i n e e r i n g  
s t a f f  was close t o  t h e  s i z e   o f  t h e  c o m p u t i n g   s t a f f ,  it. is  now 
ou tnumbered   by   nea r ly   s even  t o  one .  

Boe ing   Adv i so ry   Counc i l  

An a d v i s o r y   c o u n c i l  was o r g a n i z e d   e a r l y   i n  t h e  program t o  
s u p p o r t  t h e  e f f o r t s  of t h e  e n g i n e e r i n g   s t a f f .  T h e  c o u n c i l  was 
made up   o f   Boe ing   manage r s   and   eng inee r s   f rom  va r ious  
o r g a n i z a t . i o n s ,   i n c l u d i n g   t e c h n i c a l   s t a f f s ,   d e s i g n   p r o j e c t s ,   a n d  
m a n u f a c t u r i n g .   T h e   c o u n c i l  was d i r e c t l y   i n v o l v e d   w i t h  I P A D  d u r i n g  
t h e  f i r s t   y e a r ,   b u t  as d e v e l o p m e n t   p r o g r e s s e d ,  i t s  ro l e  became 
t h a t  of k e e p i n g   a b r e a s t   o f   t h e   s y s t e m s  s t a t u s .  

I n d u s t r i a l   T e c h n i c a l   A d v i s o r y  Board ( I T A B )  

ITAB w a s  o r g a n i z e d  t o  s u p p o r t  t h e  User I n v o l v e m e n t   P l a n  
(Boeing  document  D6-IPAD-70000-P). I t s  membership has b e e n   f a i r l y  
s t a t i c ,  c o n s i s t i n g  of 2 0  r e p r e s e n t a t i v e s  of a e r o s p a c e   c o m p a n i e s ,  
e n g i n e   m a n u f a c t u r e r s ,   a n d   c o m p u t e r  firms. The number of o b s e r v e r s  
has v a r i e d ,  a v e r a g i n g  4 0  r e p r e s e n t i v e s  of a e r o s p a c e   a n d  o t h e r  
i n d u s t r i e s ,   a c a d e m i c   i n s t i t u t i o n s ,   a n d   G o v e r n m e n t   a g e n c i e s  s u c h  as 
t h e  A i r  Force ICAM program. F o r m a l  m e e t i n g s  occur on a q u a r t e r l y  
b a s i s ,   b u t  o ther  i n t e r a c t i o n s   c a n   t a k e   p l a c e  a t  any  time. 

NASA I P A D  P r o g r a m   O f f i c e  

The NASA-IPO s t a f f   m o n i t o r s  I P A D  d e v e l o p m e n t ,   a p p r o v e s  
d o c u m e n t a t i o n   a n d   p l a n s ,   a n d   g e n e r a l l y  a c t s  as t h e  I P A D  
c o n t r a c t i n g   a g e n t .   A c t i n g  as  i n d i v i d u a l s   w i t h   e x p e r i e n c e   i n  
e n g i n e e r i n g   a n d   c o m p u t i n g   s c i e n c e ,  I P O  members c o n t r i b u t e d  
c r i t i ques  a n d   r e c o m m e n d a t i o n s   i n   t h e  user  c o m m u n i t y   i n t e r e s t s .  
The  n e x ' t   s e c t i o n   d i s c u s s e s  how t h e s e   v a r i o u s   g r o u p s   i n t e r a c t .  
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C o n s u l t a n t s  

I n d e p e n d e n t   c o n s u l t i n g   f i r m s   h a v e   b e e n  placed o n   c o n t r a c t  t o  
s u p p o r t   t h e  I P A D  development .   p rocess .  

USER IfJVOLVEMENT 

T h e   i n t e n s i v e  u s e r  i n v o l v e m e n t   i n   t h e   s o f t w a r e   d e v e l o p m e n t   o f  
I P A D  is best d e s c r i b e d   b y   t h e   i n t e r a c t i o n s   b e t w e e n   t h e   v a r i o u s  
u s e r  g r o u p s   a n d   b y   t h e i r   i n t e r f a c e s   w i t h   t h e  I P A D  c o m p u t i n g   s t a f f .  
T h e   f o l l o w i n g   s e c t i o n s   d e s c r i b e  major p r o g r a m   m i l e s t o n e s   a n d   t h e  
user  g r o u p s   i n v o l v e d .  

D e f i n i t i o n s   a n d   R e q u i r e m e n t s  

The i n i t i a l   p e r i o d   a f t e r   c o n t r a c t   g o - a h e a d  saw a n   i n t e n s i v e  
e f f o r t   b y   t h e   e n g i n e e r i n g   s t a f f  t o  d e v e l o p   d e f i n i t i o n s   a n d  
r e q u i r e m e n t s .   D e f i n e d  were (1) t h e   d e s i g n  process, ( 2 )  
m a n u f a c t u r i n g   i n t e r a c t i o n s   w i t h   t h e   d e s i g n   p r o c e s s ,   a n d  ( 3 )  
m a n a g e m e n t   s y s t e m s .   B a s e d   o n   t h e s e   d e f i n i t i o n s ,   t h e   s y s t e m   a n d  
u s e r  r e q u i r e m e n t s  were d e v e l o p e d .   T h e s e  were g i v e n  t o  t h e  
a d v i s o r y   c o u n c i l   i n   t h e   f o r m s   o f   p r e s e n t a t i o n s   a n d   d r a f t s   f o r  
t h e i r  c r i t i ques .  Many o f   t h e i r   r e c o m m e n d a t i o n s  were i n c o r p o r a t e d ,  
a n d   t h e   r e v i s e d   d o c u m e n t a t i o n  was i s s u e d  t o  NASA-IPO f o r   r e v i e w  
a n d   a p p r o v a l .   T h e n   f o l l o w e d   a n   i t e r a t i o n  t o  r e v i e w   a n d  
i n c o r p o r a t e   t h e s e   c o m m e n t s  as  a p p l i c a b l e .   C o n c u r r e n t l y  ITAJ3 was 
i n v o l v e d   i n   t h e   r e v i e w  process,  f i r s t  a s  a n   a u d i t  team, t h e n  as  a 
f u l l  board r e v i e w .   T h i s   e f f o r t  was i n   t h e   f o r m   o f   f i v e   d i f f e r e n t  
documents ,  so t h e   r e v i e w  process t o o k   p l a c e   o v e r   s e v e r a l   m o n t h s .  
F i g u r e  2 s h o w s   t h e   e v o l u t i o n   o f   t h e   d o c u m e n t a t i o n .  

T h e   e n g i n e e r i n g   s t a f f  was a l s o  i n v o l v e d   w i t h   t h e   d e v e l o p m e n t  
o f   t h e   t . e c h n i c a 1   p l a n ,   m a n a g e m e n t   p l a n ,  d o c u m e n t a t i o n  p l a n ,   a n d  
user a c c e p t a n c e   p l a n   d u r i n g   t h e  i n i t i a l  p e r i o d   o f   t h e  c o n t r a c t .  

S y s t e m   S p e c i f i c a t i o n s   a n d   P r e l i m i n a r y   D e s i g n  

T h e   c o m p u t i n g   s t a f f   d e v e l o p e d  a set  o f  I P A D  r e q u i r e m e n t s  
based o n   t h e   e n g i n e e r i n g   d e f i n i t i o n s   a n d   r e q u i r e m e n t s .   T h e  
p r e l i m i n a r y   d e s i g n  of I P A D  t h e n   g o t   u n d e r w a y .   T h e   e n g i n e e r i n g  
s t a f f  now became t h e   r e v i e w e r s   a n d   c r i t i q u e d   c o m p u t i n g  
d o c u m e n t a t i o n   t h a t  described t h e   v a r i o u s  I P A D  components.   The 
p r e l i m i n a r y   d e s i g n  mater ia l  was a l s o  mon i to red   by  NASA-IPO and 
p r e s e n t e d  a t  ITAB m e e t i n g s .   T h e   c u l m i n a t i o n   o f   t h i s   e f f o r t  was 
r e a c h e d  a t  t h e  c r i t i c a l  d e s i g n   r e v i e w   i n   S e p t e m b e r   1 9 7 8 .   T h i s  was 
combined   wi th   an  I T A B  m e e t i n g   i n  Sea t t le .  E n g i n e e r i n g   a n d  
c o m p u t i n g   p r e s e n k e d   v a r i o u s   a s p e c t s   o f   t h e   p r o g r a m  s t a t u s .  T h i s  
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r e v i e w   r e s u l t e d   i n   t h e   a p p r o v a l   o f   p r e l i m i n a r y   d e s i g n   a n d  a go- 
a h e a d   f o r   d e t a i l   d e s i g n   a n d   c o d i n g .  

P r i o r i t i z a t i o n   o f   R e q u i r e m e n t s  

I n   o r d e r  to se lec t  a s u b s e t   o f   r e q u i r e m e n t s  t o  b e   s u p p o r t e d  
b y   t h e   f i r s t - l e v e l   p r o t o t y p e ,   t h e   f u l l  s e t  had t o  b e   p r i o r i t i z e d .  
I T A B  and NASA-IPO were c a l l e d   u p o n  t o  s u p p o r t   t h i s   e f f o r t .  The 
f e e d b a c k   i n d i c a t e d   t h e   r e q u i r e m e n t s   d e t e r m i n e d  t o  be   manda to ry ,  
w i t h   t h e   o t h e r s   w e i g h t e d   a c c o r d i n g  t o  t h e i r   n e e d s .  

T h e   r e s u l t s   o f   t h i s   e x e r c i s e  were used  t o  prepare t h e  I P A D  
User Requi rements   Implementa t ion   documents .   Volume 1 of Boeing  
document D6-IPAD-70016-D-1 e x p l a i n s  t h e  r e q u i r e m e n t s  f o r  f irst-  
level I P A D ,  volume 2 f o r  second- l eve l ,   and   vo lume  3 f o r  t h i r d -  
level.  First-level I P A D  i s  t h e  p r o t o t y p e   b u i l t  f o r  t h e   c u r r e n t  
c o n t r a c t ,   w h i l e   t h e  o thers  are i n t e n d e d   f o r   f u t u r e   f o l l o w - o n  
c o n t r a c t s .  

Requi rements   Update   and   Enr ichment  

The i n t e r a c t i o n   b e t w e e n   t h e   e n g i n e e r i n g   a n d   c o m p u t i n g   s t a f f s  
h a s  c o n t i n u e d   t h r o u g h o u t  t h e  program. One c o n c e r n  h a s  been  
s u p p o r t i n g   t h e   e n g i n e e r i n g   i n t e r p r e t a t i o n   a n d   c o m p u t i n g  
i m p l e m e n t a t i o n   o f  t h e  r e q u i r e m e n t s .  A p r o c e d u r e  cal led 
I n t e r p r e t a t i o n   a n d   I m p l e m e n t a t i o n  ( I & I )  is b e i n g   u s e d  t o  con t ro l  
t h i s   i n t e r c h a n g e .  The  I & I  forms  become  in formal   documenta t ion  
b a s e d   o n   e i t h e r  a request  from  computing f o r  e n g i n e e r i n g   s u p p o r t  
i n  t h e  i n t e r p r e t a t i o n   o f  a r e q u i r e m e n t  or a n   i n p u t  t o  comput ing  by 
e n g i n e e r i n g  when it is f e l t .  t h a t  e n g i n e e r i n g   r e q u i r e m e n t s  a re  
b e i n g   o v e r l o o k e d  o r  m i s i n t e r p r e t e d .  

Formal c h a n g e s  t o  t h e  r e q u i r e m e n t s   d o c u m e n t a t i o n  are accom- 
p l i s h e d   t n r o u g h  the C o n f i g u r a t i o n   C h a n g e  Board, i n   a c c o r d a n c e  w i t h  
t h e  C o n f i g u r a t i o n   C o n t r o l   P l a n   ( B o e i n g   d o c u m e n t  D6-IPAD-70005-P). 

S c e n a r i o  Process 

A n o t h e r   i n f o r m a l   p r o c e s s   t h a t   e v o l v e d  t o  meet t h e   n e e d   f o r  
communica t ion   be tween  the  user  a n d   t h e   c o m p u t i n g   s t a f f  is t h e  
s c e n a r i o   p r o c e s s ,   w h i c h  is b a s e d   o n   s c e n a r i o s   t h a t   d e p i c t   v a r i o u s  
aspects  o f   t h e   d e s i g n  process and i t s  i n t e r f a c e s .   U s i n g  a 
m o d e l i n g   t e c h n i q u e  called SAMM ( S y s t e m a t i c   A c t i v i t y   M o d e l l i n g  
M e t h o d ) ,   a c t i v i t i e s   a n d   d a t a   f l o w  were s e l e c t e d   f r o m   v a r i o u s  
d e s i g n   l e v e l s   a n d   p r e s e n t e d  t o  c o m p u t i n g   s t a f f   r e p r e s e n t a t i v e s  
each week .   Comput ing   wou ld   t hen   r e spond   i n   r e f e rence  t o  I P A D  
s u p p o r t   f o r   t h e   s c e n a r i o   b a s e d   o n   f u l l  I P A D  and  t h e  p r o t o t y p e .  A 
new s c e n a r i o   p a c k a g e  was p r e s e n t e d   e a c h   w e e k ,   a n d   t h e   e n s u i n g  
d i s c u s s i o n s   c l a r i f i e d  many p o i n t s   f o r   b o t h   e n g i n e e r i n g   a n d  
comput ing .  T h i s  process p r o v i d e d  t h e  b a s i s   f o r   d e t a i l   d e s i g n  



c h a n g e s   a n d   h a s   p r o v i d e d   t h e   c o m p u t i n g   s t a f f   w i t h  a g r e a t e r  
a p p r e c i a t i o n   f o r   e n g i n e e r i n g   a c t i v i t i e s .  

F i g u r e s  3 and  4 show t h e   s c e n a r i o   c o n t e n t s   a n d   i n t e r a c t i o n s  
w i t h   t h e  ITAB a p p l i c a t i o n s   s u b c o m m i t t e e .   T h i s   s u b c o m m i t t e e  was 
formed t o  work   w i th  I P A D  on   pe r fo rmance  estimates f o r  pre-IPAD 
e n g i n e e r i n g   p e r f o r m a n c e   t h a t  w i l l  be   compared t o  t h e   p e r f o r m a n c e  
u s i n g  IPAD. T h e   s c e n a r i o s   h a v e   b e e n   u s e d   f o r   s o f t w a r e   d e s i g n  
e v a l u a t i o n   a n d   d e m o n s t r a t i o n   d e v e l o p m e n t .  

I n f o r m a t i o n   S u r v e y s  

A p p l i c a t i o n   P r o g r a m s :  ITAE and NASA were cal led upon t o  p r o v i d e  
i n f o r m a t i o n  i n  a d d i t i o n  t-o t h e   r e q u i r e m e n t s   e x e r c i s e .   I n   1 9 7 7  
t.hey were asked  t o  i d e n t i f y   a p p l i c a t i o n   p r o g r a m s   i n  t h e  p u b l i c  
domain a s  c a n d i d a t e s   f o r  use w i t h   t h e   p r o t o t y p e   f o r  
d e m o n s t r a t i o n s .   T h e y  a l so  p r o v i d e d   o t h e r   i n f o r m a t i o n   c o n c e r n e d  
w i t h  t h e  d e m o n s t r a t i o n s  t h a t  h e l p e d   t h e   e n g i n e e r i n g   s t a f f   i n  i t s  
p l a n n i n g .  

Geometry:   In   1979 I T A B  and NASA were r e q u e s t e d  t o  r e p l y  t o  a 
g e o m e t r y   q u e s t i o n n a i r e   t . h a t   a s k e d  how and   what   geometry  was used 
i n  t h e i r  c o n s t i t u e n t   o r g a n i z a t i o n s .   T h i s   i n f o r m a t i o n  was u s e d   i n  
s u p p o r t   o f   t h e  I P A D  g e o m e t r y   s o f t w a r e   d e v e l o p m e n t   a n d   t h e  IPAD 
g e o m e t r y   s t a n d a r d   r e s e a c h   t h a t   t h e   e n g i n e e r i n g   s t a f f   d o c u m e n t e d .  

Demons t r a t ion  Process 

T h e   d e m o n s t r a t i o n   p r o c e s s  h a s  i n c l u d e d   t h e   s e l e c t i o n   a n d  
p l a n n i n g   o f   d e m o n s t r a t . i o n   p a c k a g e s   f r o m   t h e   s c e n a r i o s   t h a t  
r e p r e s e n t   t h e   d e s i g n   p r o c e s s   a n d  i t s  i n t e r f a c e   w i t h   m a n u f a c t u r i n g .  
T h e  d e m o n s t r a t i o n   p a c k a g e   h a s   b e e n   d e s c r i b e d  t o  I T A B  and NASA f o r  
t h e i r  r e v i e w .   T h e   d e m o n s t r a t i o n   p a c k a g e  i s  d e s c r i b e d   i n   t h e   n e x t  
s ec t ion .  

ITAB V i s i t a t - i o n s  

S e v e r a l  I T A B  c o m p a n i e s   h a v e   s e n t  teams t o  v i s i t  t h e  IPAD 
con t rac to r  to m o n i t o r   p r o g r e s s   a n d   e x c h a n g e   i d e a s   f o r  IPAD 
development   and   implementa t ion .  The e n g i n e e r i n g   s t a f f  
p a r t i c i p a t - e d   i n   d i a l o g u e s  w i t h  t h e s e  teams a n d   r e a l i z e d   b e n e f i t s  
f rom these user exchanges .  

C o n s u l t a n t s  

lJot.able among o u t s i d e   c o n s u l t a n t s   t h a t   h a v e   c o n t r i b u t e d  t o  
t.he I P A D  deve lopment  is I n f o r m a t i o n   R e s e a r c h  Associates.  
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E n g i n e e r i n g   s c e n a r i o s   h a v e   b e e n   u s e d  by t h i s  company t o  m o d e l   t h e  
s o f t w a r e   d e s i g n   a n d   m e a s u r e   p e r f o r m a n c e   o f   t h e  I P A D  s y s t e m  
components .  

USER EVALUATION OF THE PROTOTYPE 

T h i s   s e c t i o n   d i s c u s s e s   t h e  I P A D  f i r s t - l e v e l   p r o t o t y p e   f r o m  
t h e  user 's  v i e w p o i n t .   T h e   d i s c u s s i o n  is b a s e d   o n   t h e   e x p e r i e n c e  
o f   t h e   e n g i n e e r i n g   s t a f f   i n  support  o f   d e m o n s t - r a t i o n   p l a n n i n g .  
T h e   e n g i n e e r i n g   s t a f f  is  r e s p o n s i b l e   f o r   d e m o n s t r a t i n g  t h e  
p r o t o t y p e  to  t h e   u s e r   c o m m u n i t y .   I n   a d d i t i o n  t o  d e s c r i b i n g   t h e  
u s e   o f   t h e   p r o t o t y p e   i n   c o n j u n c t i o n  w i t h  a d e m o n s t r a t i o n   p a c k a g e ,  
t h e   s e c t i o n   g e n e r a l l y   d e s c r i b e s  how f u l l  I P A D  u t i l i z a t i o n   w o u l d  
d i f f  e r  f r o m   t h e   p r o t o t y p e   e x p e r i e n c e  . 

D e m o n s t r a t i o n   P l a n n i n g  

E n g i n e e r i n g   s c e n a r i o s  were deve loped  w i t h  t h e  d u a l  p u r p o s e s  
o f   c o m m u n i c a t i n g   e n g i n e e r i n g   n e e d s  t o  t h e  c o m p u t i n g   s t a f f   a n d  
p r o v i d i n g  a bas i s  for d e m o n s t - r a t i o n   p l a n n i n g .   E x c e r p t s  were 
selected f r o m   t h e  scenar ios  t.0 p r o v i d e  a c o n t i n u o u s  s u b s e t  o f  
a c t i v i t i e s  t h a t  w o u l d  b e g i n   i n   p r e l i m i n a r y   d e s i g n   a n d   p r o c e e d  
t h r o u g h  d e t a i l  d e s i g n  t o  t h e   i n t e r f a c e s  w i t h  m a n u f a c t u r i n g .   T h i s  
would  form a d e m o n s t r a t i o n   p a c k a g e  made up  of  modules t h a t  c a n  be 
d e m o n s t r a t e d  a s  i n d i v i d u a l   s e s s i o n s  a t  a t e r m i n a l .  The c r i t e r i a  
f o r   s e l e c t i n g   d e m o n s t . r a t i o n s  a re  shown i n   f i g u r e  5. 

To p r o v i d e   v i s i b i l i t y   f o r   d e m o n s t r a t i n g   p l a n n i n g ,  a m a t r i x  
h a s  been   deve loped  t o  map t h e  I P A D  p r o t o t y p e   c a p a b i l i t i e s   a g a i n s t  
t h e   d e m o n s t . r a t i o n   r e q u i r e m e n t s .  The m a t r i x  is a l s o  u s e f u l  a s  a 
p i c t u r e   o f  t h e  p r o t o t y p e   a n d  a s  a b a s e  for  p l a n n i n g  f o l l o w - o n  I P A D  
l e v e l s .  T h e  m a t r i x  i n d i c a t e s   t h e   r e q u i r e n l e n t s  t o  be suppor t ed   by  
t h e   p r o t o t y p e   ( l e v e l  I )  a n d   f o l l o w - o n   ( l e v e l s  I1 a n d  111) s t a g e s .  
The  d e m o n s t r a t i o n s  a re  m a p p e d   a g a i n s t .   t h e s e ,   i n d i c a t i n g  
r e q u i r e m e n t s   u s e d   b y  each. T h e  p r o t o t y p e   c a p a b i l i t i e s  a r e  mapped 
a g a i n s t   t h e s e   r e q u i r e m e n t s   a n d   t h e   p h a s e d  releases are  r e f l e c t e d .  
I f  d e m o n s t r a t i o n   r e q u i r e m e n t s  a re  n o t   s u p p o r t e d  by p r o t o t y p e  
c a p a b i l i t i e s ,  t h e  n e e d  f o r  a n   a p p l i c a t i o n   p r o g r a m  is  i n d i c a t e d .  

A p p l i c a t i o n   P r o g r a m s  

I n  order t o  s u p p o r t .   t h e   d e m o n s t r a t i o n   e f f o r t - ,   c o m p u t i n g  h a s  
e s t a b l i s h e d   a n   a p p l i c a t i o n   p r o g r a m m i n g   g r o u p .  T h i s  g r o u p  is 
r e s p o n s i b l e   f o r   e v a l u a t i n g   t h e   e n g i n e e r i n g   s p e c i f i c a t o n   o f   e a c h  
d e m o n s t . r a t - i o n   f o r  I P A D  c a p a b i l i t i e s   a n d   f o r   p r o v i d i n g  a computing 
i n t e r p r e t a t i o n   o f  t h e  s p e c i f i c a t i o n   a l o n g   w i t h  resource f l o w  times 
a n d   m i l e s t o n e s .   I n  each d e m o n s t r a t i o n ,   a p p l i c a t i o n s   p r o g r a m s  w i l l  
have  to be w r i t t e n  or ,  i n  some cases, c o n v e r t e d  t o  p e r m i t  the u s e  
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of  I P I P .  The re  are two ways t o  i n t e g r a t e   a p p l i c a t i o n s   p r o g r a m s  
i n t o  I P A D ,  o n e  is f u l l y   i n t e g r a t e d   a n d   t h e   o t h e r   i n t e r f a c e d .  
F u l l y   i n t e g r a t e d  programs make d i r e c t  ca l l s  t o  I P I P  ( I P A D  
i n f o r m a t i o n  processor), w h e r e   t h e   i n t e r f a c e d   a p p l i c a t i o n s   r e q u i r e  
pre- a n d  postprocessors t o  t a k e   a d v a n t a g e  of I P I P  capabi l i t ies .  
B o t h   a s p e c t s   o f   i n t e g r a t i o n  w i l l  be  shown i n   t h e   d e m o n s t r a t i o n  
package .  

To d e v e l o p   t h e   b e s t   p o s s i b l e   d e m o n s t r a t i o n   p a c k a g e ,  a 
p r o c e d u r e  w a s  e s t a b l i s h e d  fo r  d e s i g n  reviews a n d   w a l k t h r o u g h s  as  
each d e m o n s t r a t i o n  is d e v e l o p e d .  A d i a g r a m   d e p i c t i n g   t h i s  
a c t i v i t y  a n d   t h e   c u r r e n t  s t a t u s  o f   e a c h   d e m o n s t r a t i o n  is  i n d i c a t e d  
i n   f i g u r e  6. 

D e m o n s t r a t i o n   P a c k a g e  

D e m o n s t r a t i o n  m o d u l e s  t o  be d e v e l o p e d   a n d   a t t e n d a n t  
a p p l i c a t i o n   p r o g r a m s   h a v e   b e e n   s c h e d u l e d   a n d   n u m b e r e d   i n  a 
s e q u e n c e   b a s e d   o n   t h e   a v a i l a b i l i t y   o f   p r o t o t y p e   c a p a b i l i t i e s .   T h e  
m o d u l e s   i n   t h e   s e q u e n c e  t o  be u s e d  d u r i n g   t h e   d e m o n s t r a t i o n  a re  
d e s c r i b e d  below and i l l u s t r a t e d  i n   f i g u r e  7.  

S t e p  1. 

S t e p  2.  

S t e p  3. 

S t e p  4 .  

Project  Management ( D e m o  Module 3 ) :  T h i s   d e m o n s t r a t i o n  
p r o v i d e s   w o r k   b r e a k d o w n   s t r u c t u r e ,   t a s k   a n d   s u b t a s k  
d e f i n i t i o n s ,   a n d   a s s o c i a t e d   m a n a g e m e n t  da ta  s u c h  as cost  
a n d   s c h e d u l e  da ta ,  l o a d s   t h e  d a t a  base w i t h  I P A D  a c t u a l  
p r o j e c t  da t a ,  and   p rov ides   managemen t  reports t h r o u g h  
i n t e r a c t i v e   q u e r y   o f   t h e  d a t a  base.  

C o n f i g u r a t i o n  Parameters ( D e m o  Module 1):  Parameters i n  
t h e   d a t a  base a re  i n i t i a l i z e d  t o  c h a r a c t e r i z e   t h e  
a i rp l ane   body ,   w ing ,   empennage ,  power p l a n t s ,   a n d  
l a n d i n g   g e a r .   T h e  d a t a  is used  b y   t h e   c o n f i g u r a t i o n  
d e s i g n e r  to  d e v e l o p  a s p e c i f i c   c o n f i g u r a t i o n .  

Genera l   Arrangement  ( D e m o  Module 2 ) :  T h e   c o n f i g u r a t i o n  
d e s i g n e r   d e v e l o p s  discret-e c h a r a c t e r i s t i c s   o f   t h e  
c o n f i g u r a t i o n .  A wire d i a g r a m   r e p r e s e n t i n g   t h e   g e n e r a l  
a r r a n g e m e n t   o f   t h e   a i r p l a n e  is crea ted .  

S t r u c t u r a l  Arrangement  ( D e m o  Module 6 ) :  The 3-D 
g e o m e t r i c  model o f   t h e   g e n e r a l   a r r a n g e m e n t  is  expanded 
u s i n g   g e o m e t r i c  e n t i t i e s  t o  d e v e l o p   t h e  s t r u c t u r a l  
a r r a n g e m e n t ,   a g a i n   r e p r e s e n t e d   b y  a wire d iagram.  A 
g e n e r a l   s t r u c t u r a l   m o d e l  is c rea ted  f o r  u s e  by s t a f f s  
( s t r u c t u r e s ,  w e i g h t s ,  e t c . ) .  
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S t e p  5. 

Step 6. 

S t ep  7 .  

S t ep  8.  

S t ep  9.  

S t r u c t u r a l   A n a l y s i s  ( D e m o  Module 7 ) : T h e   g e n e r a l  
s t r u c t u r a l   m o d e l  is i n t e r r o g a t e d  t o  c o n s t r u c t  a f i n i t e -  
e l e m e n t  ( F E )  a n a l y s i s   i n p u t   f i l e .   T h e   o u t p u t  of t h e  FE 
a n a l y s i s  is t h e n   r e v i e w e d   t h r o u g h  a f o r m a t t e d  
p r e s e n t a t i o n .  

Frame  Des ign  ( D e m o  Module 8 )  : U s i n g   f r a m e   c o n t o u r s   f r o m  
Module 6 a n d   i n t e r n a l   a n d   e x t e r n a l   l o a d s   f r o m   M o d u l e  7 ,  
t h e   d e s i g n e r   r e v i e w s   a n d   e v a l u a t e s   t h e   s t r u c t u r a l  
c o n c e p t  by d e t e r m i n i n g   w h e t h e r   t h e   c o n c e p t  w i l l  
a d e q u a t e l y   h a n d l e   t h e   l o a d s   d e v e l o p e d  i n  Module 7 ,  
t h e n  creates a d e t a i l e d   d e s i g n   o f  a body  f rame.  

M a n u f a c t u r i n g   I n t e r a c t i o n - - I n d e n t u r e d  Pa r t s  L i s t  ( D e m o  
Module 4 ) :  U s i n g   t h e   f r a m e   d r a w i n g  from Module 8 ,  
t h e   d e m o n s t r a t i o n  w i l l  i n t e r a c t i v e l y  accomplish t w o  main  
t h i n g s :  (1) create  a n  I P L  and ( 2 )  i n t e r r o g a t e   t h e  
P L / I P L .  O t h e r   c a p a b i l i t i e s  t h a t  w i l l  b e   d e m o n s t r a t e d  
are : 

G r a p h i c  I P L  f o r m a t  
Error m e s s a g e s   a n d   t u t o r i a l  
Record t y p e s   f o r  PL d a t a  
I n t e r r u p t   c a p a b i l i t y   i n c l u d i n g   " s k i p - t h r o u g h "   m e n u s  
E n g l i s h - l i k e  menu f o r  P L / I P L  i n t e r r o g a t i o n  

M a n u f a c t u r i n g   I n t - e r a c t i o n - - G e o m e t r y  ( D e m o  Module 5 ) :  
Th i s   modu le  w i l l  show t h a t  t h e  g e o m e t r y ,  as  it e x i s t s   i n  
t h e  d a t a  b a s e ,   c a n  be c o n f i g u r e d  t o  meet manufac t -u r ing  
r e q u i r e m e n t s   t h r o u g h :  (1) m u l t i p l e   v i e w s ,  ( 2 )  d i r e c t  
t r a n s f e r s  of geomet ry  t o  a p t  s o u r c e   s t a t e m e n t s   ( w i t h  
preprocessor t o  AD2000),   and ( 3 )  t h e  g e o m e t r y / p a r t s  l i s t  
r e l a t i o n s h i p s .  

Data Base A d m i n i s t r a t i o n  ( D e m o  Module 9 ) :  T h i s  
d e m o n s t r a t i o n   i n c l u d e s   m i s c e l l a n e o u s  d a t a  b a s e  
a d m i n i s t r a t o r   a c t i v i t i e s   b a s e d   o n  I P A D  r e q u i r e m e n t s .  

I n t e g r a t e d   D e m o n s t r a t i o n   P a c k a g e :   T h e  complete d e m o n s t r a t i o n  is 
p r o c e s s e d   w i t h   t h e   f i n a l   s o f t w a r e  release. 

The t o t a l  p a c k a g e   a b o v e   r e p r e s e n t s  a f l o w   o f   d a t a   t h r o u g h  t h e  
d e s i g n  process and i ts  i n t e r f a c e   w i t h   m a n u f a c t u r i n g .  (See f i g u r e  
7 ) .  The   package  w i l l  d e m o n s t r a t e   t h e  many I P A D  c a p a b i l i t i e s  i n  a n  
i n t e g r a t e d   e n v i r o n m e n t .   S i n c e   t h e   d e m o n s t r a t i o n s  are  t o  e x e r c i s e  
t h e  I P A D  c a p a b i l i t i e s   a n d   n o t  t o  p r o v i d e   s o p h i s t i c a t e d   p r o d u c t i o n  
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s y s t e m s ,   b a s i c   g e o m e t r y   a n d   s u b s e t s  of o t h e r   t y p e s  of d a t a  were 
u s e d .   T h u s ,   t h i s   p a c k a g e   d e m o n s t r a t e s   t h e   d a t a   i n t e g r a t i o n  
c a p a b i l i t i e s   o f  I P A D  i n   t h e   e n g i n e e r i n g   e n v i r o n m e n t .  

Using  The IPAD F i r s t - L e v e l   P r o t o t y p e  

T h e   m a j o r i t y   o f   t h e  user i n t e r f a c e  w i t h  respect t o  t h e  
d e m o n s t r a t i o n   p a c k a g e  w i l l  b e   t h r o u g h   e a c h   a p p l i c a t i o n   p r o g r a m .  
T h i s  is r e p r e s e n t a t i v e   o f   a n y   p r o t o t y p e   a p p l i c a t i o n ;   h o w e v e r  
s e v e r a l   e x c e p t i o n s  w i l l  b e   d i s c u s s e d   i n  t h i s  p a p e r .  

Loading Data i n t o  1PIP . -  A s  w i t h   a n y   o t h e r   d a t a   b a s e   m a n a g e m e n t  
s y s t e m ,   d i f f e r e n t   d a t a - l o a d i n g   t e c h n i q u e s  a r e  a v a i l a b l e .   T h e  I P A D  
i n f o r m a t i o n  processor ( I P I P )  is  a n   e n g i n e e r i n g   d a t a   b a s e  
m a n a g e m e n t   s y s t e m   a n d   t h e r e f o r e   m u s t   s e r v e  t h e  n e e d s  of t h e  
e n g i n e e r i n g   c o m m u n i t y .   T h i s   i n c l u d e s   s c i e n t i f i c   d a t a   s t o r a g e  
(wh ich   can   be   vo luminous  a t  t imes) ,  g e o m e t r i c   d a t a   d e s c r i p t i o n s  
r e q u i r i n g   d a t a  s t r u c t u r e  t o  b e   a s s o c i a t e d  w i t h  e a c h   e n t i t y   t y p e ,  
m a n u f a c t u r i n g   i n f o r m a t i o n ,   a n d   a c c o u n t i n g   a n d   m a n a g e r i a l   d a t a .  
I P I P  i s  b e i n g   d e v e l o p e d  t o  support  a l l  f a c e t s   o f   e n g i n e e r i n g .  
Because o f   t h i s   d i v e r s i t y   i n   p r o c e s s i n g ,  a g e n e r a l - u s e r   d a t a  
man ipu la t - ion   l anguage  ( D M L )  h a s   b e e n   d e v e l o p e d  t h a t  w i l l  s u p p o r t  
t h e s e   e n g i n e e r i n g   n e e d s .   T h e   d e s c r i p t i o n   o f   t h e  DML can   be   found 
i n   t h e   r e p o r t   d e s c r i b i n g   t h e   i m p a c t   o n   a p p l i c a t i o n   p r o g r a m s   u s i n g  
I P I P ,  which is a v a i l a b l e  upon request .  

T h e r e  are  two w a y s   o f   l o a d i n g   d a t a   i n t o   t h e  I P I P  d a t a   b a s e :  
(1) t h r o u g h  t h e  q u e r y   p r o c e s s o r ,   a n d  ( 2 )  t h r o u g h   a n   a p p l i c a t i o n  
program.   There  w i l l  b e   l o g i c a l   s c h e m a s   a s s o c i a t e d   w i t h   e a c h   o f  
t h e s e   t h a t   d e s c r i b e   t h e  u se r ' s  view of t h e  d a t a .  

M a n i p u l a t i n g  Data.- T h e r e  are  two m e t h o d s   o f   m a n i p u l a t i n g   d a t a :  
t h r o u g h   a p p l i c a t i o n   p r o g r a m s   a n d  by QUERY p r o c e s s o r ;   b o t h  u s e  t h e  
d a t a   m a n i p u l a t i o n   l a n g u a g e  (DML) f o r  I P I P .  When a c c e s s i n g   d a t a  
v i a   a p p l i c a t i o n s ,   t h e  u s e r  c a n   b e   g u i d e d   t h r o u g h   r e c o r d  
r e l a t i o n s h i p s   o f   t h e  d a t a  b a s e  w i t h o u t  e x t e n s i v e   k n o w l e d g e   o f   t h e  
DML o r  t h e  da t a   base .   I Iowever ,   once  a user  b e c o m e s   f a m i l i a r   w i t h  
I P I P  DML a n d  r e l a t e d   c o n c e p t s  h e  w i l l  b e   a b l e  t o  t r a v e r s e   t h e   d a t a  
b a s e   f r e e l y   a n d  w i l l  t h u s  e n j o y   g r e a t e r   f l e x i b i l i t y   i n   m a k i n g   d a t a  
i n q u i r i e s .  A s a m p l e   q u e r y   s e s s i o n  i s  shown i n   f i g u r e  8 .  

Crea t ing   Geomet ry . -   The re  are three  ways t o  c rea te  g e o m e t r y   i n  
I P A D :  (1) AD-2000, ( 2 )  g e o m e t r y   d i s p l a y   u t i l i t y ,   a n d  ( 3 )  
a p p l i c a t i o n   p r o g r a m s .  

T h e  p r i m a r y  source o f   i n t e r a c t i v e   g e o m e t r y   c o n s t r u c t i o n  is  
AO-2000,  a c o m p u t e r - a i d e d   d e s i g n   d r a f t i n g   s y s t e m   t h a t  h a s  been 
i n t e r f a c e d  wit.h I P I P  by a pre- a n d   p o s t p r o c e s s o r .  The 
p r e p r o c e s s o r  allows access of I P A D  g e o i n e t r y   f r o m   I P I P   f o r  u s e  i n  
t h e  d r a f t i n g   s y s t e m ,   a n d ,   c o n v e r s e l y ,   t h e  postprocessor c o n v e r t s  
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g e o m e t r y   c r e a t e d   i n  AD-2000 t o  t h e  IPAD c a n o n i c a l   f o r m s   f o r  
s torage i n   I P I P .  

T h e   g e o m e t r y   d i s p l a y   u t i l i t y   h a s   b e e n   d e v e l o p e d  t o  allow 
users t o  c o m b i n e   e x i s t i n g   g e o m e t r y  t o  create new geomet ry  
c o n f i g u r a t i o n s   a n d  t o  p r o v i d e  a g e n e r a l   v i e w i n g   c a p a b i l i t y .  

A p p l i c a t i o n   p r o g r a m s   u s e   g e n e r a l   p u r p o s e  graphics s y s t e m  
(GPGS) c a l l s  f o r   d i s p l a y  of g e o m e t r y ,   b o t h  as  it is g e n e r a t e d   i n  a 
c o n s t r u c t i o n  mode and a f t e r  r e t r i e v a l   f r o m   t h e   d a t a   b a s e .  IPAD 
a l so  suppor t s  A N S I  Y14 .26 .1   geomet ry   fo rma t s   fo r   communica t ion .  

User 1 n t e r f a c e . -   T h e   p r o t o t y p e   p r e s e n t s   c o n s t r a i n t s  t o  t h e  u s e r  
t h a t   f u l l  IPAD w i l l  n o t .  F o r  e x a m p l e ,   i n   t h e   c r e a t i o n   a n d   u s e  of 
geomet ry  t o  suppor t  t h e   d e m o n s t r a t i o n ,   w h i l e   t h e   i n i t i a l   g e o m e t r y  
f o r   t h e   g e n e r a l   a r r a n g e m e n t  i s  d e v e l o p e d   w i t h   t h e   a p p l i c a t i o n  
p r o g r a m ,   t h e  s t r u c t u r a l  a r r a n g e m e n t s   a n d   d e t a i l   f r a m e   d e s i g n  a re  
a c c o m p l i s h e d   u s i n g  AD-2000. The d r a f t i n g   s y s t e m  is o n   t h e  DEC VAX 
1 1 / 7 8 0 ,   w h i l e   t h e   a p p l i c a t i o n   p r o g r a m s  are  o n   t h e  CYBER 170/720. 
The c rea tor  o f   g e o m e t r y   u s i n g  AD-2000 m u s t  f i l e   h i s  w o r k ,   t h e n   l o g  
o f f   t h e  VAX a n d   l o g   o n t o   t h e  CYBER a n d   r u n   t h e  postprocessor t o  
c o n v e r t   a n d  s tore  t h e   g e o m e t r y .   C o n v e r s e l y ,  t o  access IPAD 
g e o m e t r y   f o r  u s e  w i t h  AD-2000, h e  m u s t  r u n   t h e  preprocessor o n   t h e  
CYBER, s e n d   t h e   c o n v e r t e d   g e o m e t r y  t o  b e   f i l e d   o n   t h e  VAX, and 
t h e n   g e t   o n   t h e  VAX t o  u s e  AD-2000. On f u l l  I P A D ,  t h e s e   w o u l d   b e  
d i r e c t  c a l l s  o n   a n   i n t e g r a t e d   c o m p u t e r - a i d e d   d e s i g n  ( C A D )  sys t em.  
D u r i n g   a c t u a l   d e m o n s t r a t i o n s ,   o t h e r   d i f f e r e n c e s  w i l l  b e   a p p a r e n t  
t o  v i e w e r s .  

A s  I P A D  is e n r i c h e d ,   t h e  pre- a n d   p o s t p r o c e s s o r s  w i l l  become 
i n t e g r a l  p a r t s  of  AD-2000 a s  i m b e d d e d   a p p l i c a t i o n s   t h a t  make 
d i r e c t  c a l l s  t o  I P I P   t h r o u g h  t h e   c o m m u n i c a t i o n   c o n t r o l   p r o g r a m  
(CCP) f a c i l i t y   a v a i l a b l e   f o r  high-speed  network  communicat . ions.  

P r o t o t y p e   T e s t i n g   a n d  User Accep tance  

T h e   c o m p u t i n g   s t a f f   h a s   t h e   r e s p o n s i b i l i t y  t o  i n t e g r a t e   a n d  
t e s t  t h e   p r o t o t y p e   c o m p o n e n t s  fo r  r e s p o n s e  time, t h r o u g h p u t ,  
u s a b i l i t y ,   e x t e n d a b i l i t y ,  e t c .  By t h e  time t h e   e n g i n e e r i n g  
d e m o n s t r a t i o n   p a c k a g e s  are  r u n ,   t h i s   t y p e   o f   t e s t i n g  w i l l  be  
complete. The a c t u a l  t e s t i n g  by t h e   u s e r  s tarts i n   t h e   s c e n a r i o  
p r e s e n t a t i o n   p h a s e   a n d  is  c o n c l u d e d  when t h e   d e m o n s t r a t i o n  
d o c u m e n t a t i o n   h a s   b e e n   c o m p l e t e d   a n d   d e l i v e r e d .  

C o m p u t i n g   s t a f f   p e r s o n n e l  a l so  e s t a b l i s h   a c c e p t a n c e  c r i t e r i a  
f o r   t h e i r   t e s t i n g .  T h e   u s e r   e s t a b l i s h e s   a c c e p t a n c e  c r i t e r i a  i n  
t h e   c o m p a r i s o n   o f  a c t u a l  p e r f o r m a n c e   w i t h   e s t i m a t e d   p e r f o r m a n c e  
v a l u e s .   T h i s  is b u t   o n e   m e a s u r e .  H e  w i l l  a l so  compare t h e  IPAD 
p r o t o t y p e   w i t h   o t h e r   s y s t e m s   h e  is f a m i l i a r   w i t h   f o r  parameters 
s u c h  as  r e s p o n s e  time, u s e r   i n t e r f a c e ,  e tc .  The f i n a l  u s e r  
a c c e p t a n c e  w i l l  b e   b y   t h e  t o t a l  use r   communi ty   based   on   t he  
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demons 
hands-  
u s a b l e  

t r a t i o n   a n d   o t h e r   d o c u m e n t a t i o n   ( a n d   p r e f e r a b l y   w i t h  some 
'on t e s t i n g ) ,  but. it must  a l so  b e  based o n  wha t  an   expanded  

s y s t e m ,   e m p l o y i n g  prototype d e s i g n   c o n c e p t s ,   c a n   b e .  

CONCLUDING REMARKS 

T h i s  paper c a n   b e   s u m m a r i z e d   b y   r e e m p h a s i z i n g  t h e  u s e r  
i n v o l v e m e n t   i n   t h e   d e v e l o p m e n t   o f  t h e  I P A D  s o f t w a r e :  

User i n v o l v e m e n t .   h a s   b e e n   e x t e n s i v e   a n d   e f f e c t i v e   t h r o u g h o u t  
t h e  I P A D  program.  The  d e s i g n  process h a s  b e e n   t h e   s u p p o r t  
o b j e c t i v e   a n d  there have   been  many checks t o  e n s u r e   t h a t   t h e  
o b j e c t i v e  is  met. 

The s c e n a r i o  process h a s   p r o v e n   e f f e c t i v e   f o r   c o m m u n i c a t i o n s  
and as a c h e c k  t o  e n s u r e   t h a t   d e v e l o p m e n t  has b e e n   o n   t a r g e t .  
I t  s h o u l d   h a v e   b e e n   i n t r o d u c e d  e a r l i e r ,  d u r i n g  t h e  
r e q u i r e m e n t s   d e f i n i t i o n  phase, f o r  a s t r o n g e r  impact. 

T h e   d e m o n s t r a t i o n   p a c k a g e ,  a s  d e s i g n e d   a n d   d e v e l o p e d  t o  be 
r u n   o n  t h e  p r o t o t y p e   s o f t w a r e ,   i l l u s t r a t e s  t h e  i n t e n t   o f  a 
f u l l  I P A D  s y s t e m .  The d e s i g n   c o n c e p t s   h a v e   b e e n   e s t a b l i s h e d  
a n d   c a n  now be projected.  T h u s ,   t h e   m a t r i x  r e f l ec t s  a 
p r o g r a m   f o u n d a t i o n  t h a t  g o e s   b e y o n d   t h e   p r o t o t y p e   a n d  
encompasses  t h e  f u l l  I P A D  c o n c e p t .  

The  f e a s i b i l i t y   o f   f o l l o w - o n   d e v e l o p m e n t   c a n  be es tab l i shed  
o n   t h e  bas i s  o f  t h e  d e m o n s t r a t i o n   p a c k a g e   a n d   b y  
d o c u m e n t a t i o n   i n   c o n j u n c t i o n   w i t h  t h e  i n f o r m a t i o n   r e l e a s e d  
t h r o u g h o u t   t h e   d e v e l o p m e n t   p r o g r a m .  
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IPAD PRODUCTS AND IMPLICATIONS FOR THE FUTURE 

R a l p h  E. Miller, Jr. 
Boeing  Commercial A i r p l a n e  Company 

SUMMARY 

A l t h o u g h   t h e  I P A D  system takes i t s  name  from t h e  aerospace 
i n d u s t r y   w h e r e  i t  was d e v e l o p e d ,  i t  is a c t u a l l y   d i r e c t e d  toward 
t h e   u n i v e r s a l   g o a l   o f  human p r o b l e m   s o l v i n g .   T h i s   p r e s e n t a t i o n  is 
c o n c e r n e d   w i t h   t h e   s o l u t i o n   o f   d e s i g n   a n d   m a n u f a c t u r i n g   p r o b l e m s .  
I t  s p e c i f i c a l l y   a d d r e s s e s   t h e   b e t t e r m e n t   o f   p r o d u c t i v i t y   t h r o u g h  
t h e  i m p r o v e m e n t   o f   p r o d u c t   q u a l i t y   a n d   t h e   r e d u c t i o n   o f  cost .  
P r o d u c t i v i t y   i m p r o v e m e n t  is s o u g h t   t h r o u g h  (1) r e d u c t i o n  of 
r e q u i r e d   r e s o u r c e s ,  ( 2 )  improved task r e s u l t s   t h r o u g h   t h e  
m a n a g e m e n t   o f   s u c h   s a v e d   r e s o u r c e s ,  ( 3 )  r e d u c e d   d o w n s t r e a m  costs  
t h r o u g h   m a n u f a c t u r i n g - o r i e n t e d   e n g i n e e r i n g ,   a n d  ( 4 )  l o w e r e d  risks 
i n   t h e   m a k i n g   o f   p r o d u c t   d e s i g n   d e c i s i o n s .  

I t  is t h e   v i e w   o f   t h i s   p r e s e n t a t i o n   t h a t   p r o d u c t i v i t y   h a s  
r e a c h e d  a p l a t e a u   d u e  t o  t h e   s t a g n a t i o n   o f   c o m p u t e r   u t i l i z a t i o n   i n  

h y p o t h e s i s  is f o r m u l a t e d   t h a t   t h e   q u e s t   f o r  new a n d   h i g h e r  
p r o d u c t i v i t y   p l a t e a u s   c a n   o n l y   b e   a c h i e v e d   b y   l a r g e  sca le  
i n f o r m a t i o n   i n t e g r a t i o n .   L a r g e  scale  i n f o r m a t i o n   i n t e g r a t i o n  
n e e d s  new s o f t w a r e   s u c h  as  t h e  I P A D  s y s t e m   a n d  i t s  p r o d u c t s .  
T h e s e  I P A D  p r o d u c t s  a r e  t h e   c o n s e q u e n c e   o f   s o l v i n g   f i v e   k e y  
p r o b l e m s   r e l a t i n g  t o  t h e   i n t e g r a t i o n   o f   i n f o r m a t i o n   w i t h  
p r o d u c t i o n   a c t i v i t i e s :  (1) v e r y   l a r g e   n u m b e r s   o f  human 
p a r t i c i p a n t s   a n d   s p e c i a l i z e d  tasks  d i r e c t e d  toward a common 
o b j e c t i v e   ( t h e  " l o t s  of"  problem),  ( 2 )  c o l l e c t i o n   o f   p e r t i n e n t  
i n f o r m a t i o n   i n   d i s t r i b u t e d  o r  c e n t r a l i z e d  da ta  bases, ( 3 )  d a t a  
s h a r i n g   a n d   c o m m u n i c a t i o n  capab i l i t i e s ,  ( 4 )  e s s e n t i a l   s t a n d a r d s  
f o r   e f f e c t i v e   c o m m u n i c a t i o n ,   a n d  ( 5 )  i n t e g r a t i o n   o f   u s e r  
a p p l i c a t i o n   p r o g r a m s .  

' t h e   c u r r e n t   p r o d u c t   d e s i g n   a n d   m a n u f a c t u r i n g  processes. The 

The I P A D  p r o d u c t s  are b o t h   h a r d w a r e   a r c h i t e c t u r e   a n d   s o f t w a r e  
d i s t r i b u t e d   o v e r  a n u m b e r   o f   h e t e r o g e n e o u s   c o m p u t e r s   i n   t h i s  
a r c h i t e c t u r e .   T h e s e  I P A D  p r o d u c t s  are d e s c r i b e d   i n  terms o f  
c a p a b i l i t y   a n d   e n g i n e e r i n g   u s e f u l n e s s .  

T h e   f u t u r e   i m p l i c a t i o n s   o f   s t a t e - o f - t h e - a r t  I P A D  h a r d w a r e   a n d  
s o f t w a r e   a r c h i t e c t u r e s  are  d i s c u s s e d   i n  terms o f   t h e i r  impact o n  
t h e   f u n c t i o n s   a n d   o n   s t r u c t u r e s  of o r g a n i z a t i o n s   c o n c e r n e d   w i t h  
c r e a t i n g   p r o d u c t s .  



I P A D   O B J E C T I V E S  

The I P A D  p r o d u c t s   h a v e   e v o l v e d  from e x a m i n a t i o n   a n d   a n a l y s i s  
o f   t h e   p r o b l e m - s o l v i n g   e n v i r o n m e n t ,   w h i c h   c o n s i s t s   o f  (1) humans 
j o i n e d   i n  a common e n d e a v o r ,  ( 2 )  t h e i r  computers, ( 3 )  i n f o r m a t i o n  
e s s e n t i a l  t o  t h e i r   e n d e a v o r  ( d a t a ) ,  and (4 ) t h e  problems t h e y   m u s t  
s o l v e .  To perform s u c h   a n   e x a m i n a t i o n   a n d   a n a l y s i s ,  i t  was 
n e c e s s a r y  t o  d e t e r m i n e   t h e  ro les ,  r e l a t i o n s h i p s ,   a n d   p r o c e s s e s  of 
a l l  e l e m e n t s   m a k i n g  u p  t h e   e n v i r o n m e n t   a n d  to  s e e k   w a y s  t o  improve 
t h e   p r o b l e m - s o l v i n g  process. 

D u r i n g   t h e   e v o l u t i o n   o f   p r o d u c t  d a t a ,  t h e  prime o b j e c t i v e s   o f  
i ts  d e v e l o p e r s  a r e  to i m p r o v e   t h e   q u a l i t y   o f   t h e  product  and  
c o n t r o l  i t s  cos t .  F i g u r e  1 s h o w s   t h e  two l e v e l s   i n v o l v e d   i n   t h e  
c r e a t i o n   o f  p roduct  da t a .  F i r s t ,  a t  t h e   i d e a   l e v e l ,   t h e   p r i m a r y  
c o n c e r n  is w i t h   c o n c e p t u a l   e v e n t s :   p r e l i m i n a r y   d e s i g n ,  d e t a i l e d  
d e s i g n   a n d   a n a l y s i s ,   a n d  p roduc t  d e f i n i t i o n .   S e c o n d ,  a t  t h e  
p r o d u c t   l e v e l ,   t h e   c o n c e r n  is  w i t h   p r o d u c t i o n  processes: t h e  
release o f  p a r t s ,  t h e   p l a n n i n g   o f   m a n u f a c t u r i n g   o p e r a t i o n s ,   t h e  
development- of t o o l i n g ,   a n d   t h e   m a n u f a c t u r i n g   e v e n t   i t s e l f .  
T h r o u g h o u t   b o t h   o f   t h e s e   l e v e l s ,  many p a r t i c i p a n t s  a r e  i n v o l v e d ,  
t h o u s a n d s   o f  labor  h o u r s  a r e  c o n s u m e d ,   a n d   c o n s t a n t   r e v i e w  by 
management is r e q u i r e d .  I n  a n t i c i p a t i o n   o f   t h i s   m a s s i v e   o r g a n i z e d  
e f f o r t ,   t h e   o b j e c t i v e   o f  I P A D  is t o  f a c i l i t a t e   t h e   a c t i v i t i e s  of 
e a c h   l e v e l   a n d  t o  p r o v i d e   f o r  a p o w e r f u l   i n t e r a c t i o n   b e t w e e n   t h e  
t w o  l e v e l s  t o  t h e   e n d   t h a t   i m p r o v e m e n t   i n  product  q u a l i t y   a n d  cost  
c o n t r o l  w i l l  r e s u l t .  

PRODUCTIVITY  IMPROVEMENT 

The bas ic  resources f o r  problem s o l v i n g  a re  cost  and 
f l o w t i m e ,   a n d   t h e   c o n s e q u e n c e s   o f   a p p l y i n g  these resources a re  
e v i d e n c e d   b y   r e s u l t s   f r o m   t h e   t a s k s  t o  w h i c h   t h e y  are  appl ied .  
P r o d u c t i v i t y   i m p r o v e m e n t   c a n   b e   m a n i f e s t e d  as  (1) a r e d u c t i o n   i n  
one  o r  b o t h  o f   t h e s e  resources w i t h   n o   c h a n g e   i n   t a s k  r e su l t s ,  ( 2 )  
a n   i m p r o v e m e n t   i n   t a s k  r e s u l t s  w i t h   n o   c h a n g e   i n  resource 
r e q u i r e m e n t ,  o r  ( 3 )  a c o m b i n a t i o n   o f   t h e s e  two b e n e f i t s ,   f i g u r e  2. 

The  pr imary  method of i m p r o v i n g   p r o d u c t i v i t y  is t h r o u g h  
r e d u c t i o n   i n  r e q u i r e d  resources. The i n t r o d u c t i o n  of new methods  
resu1t.s i n  less e x p e n d i t u r e   o f  cost  a n d / o r   f l o w t i m e  when 
p e r f o r m i n g  a g i v e n   t a s k .   B e n e f i t s   f r o m   t h e  u s e  of  new methods are 
a s  i l l u s t r a t e d  by t h e   e x a m p l e s   i n   f i g u r e s  3 and 4 ( r e f .  1) .  

T h e   s e c o n d   f o r m   o f   p r o d u c t i v i t y   i m p r o v e m e n t  is  ach ieved   by  
managing t h e  u t i l i z a t i o n   o f  some o f   t h e  resources s a v e d  by t h e  use 
of new m e t h o d s .   F i g u r e  5 s h o w s   t h a t ,   b y   r e - i n v e s t i n g  some o f   t h e  
s a v e d  resources i n  a c a r e f u l l y   d i s c i p l i n e d   a n d   m a n a g e d  process, 
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new p l a t e a u s   o f   i m p r o v e d   t a s k   r e s u l t s   c a n   b e   a t t a i n e d ,   a n d   a n  
i m p r o v e d   l e v e l  of p r o d u c t i v i t y  can a l so  be obtained. 

T h e   t h i r d  area o f   p r o d u c t i v i t y   i m p r o v e m e n t  is  r e d u c i n g  
downstream costs. F i g u r e  6 i l l u s t r a t e s   t h a t ,   i n  a t y p i c a l   p r o d u c t  
d e v e l o p m e n t   a c t i v i t y ,  a r e l a t i v e l y  small c h a n g e   d u r i n g   t h e  
e n g i n e e r i n g   d e s i g n   c a n   c a u s e  a m a g n i f i e d   e f f e c t   o n   t h e   s u b s e q u e n t  
m a n u f a c t u r i n g   o p e r a t i o n .   T h u s ,  new m e t h o d s   t h a t  permit. r a p i d  
e n g i n e e r i n g   e v a l u a t i o n  of d e s i g n   c h a n g e s   c a n   r e d u c e   d o w n s t - r e a m  
operations--particularly o u t - o f - s e q u e n c e   e v e n t s   i n   m a n u f a c t u r i n g "  
a n d   t h u s   e n o r m o u s l y   r e d u c e  t o t a l  p r o d u c t i o n  costs.  F i g u r e  7 shows 
some e x a m p l e s   o f   t h e   p o t e n t i a l   f o r  a t y p i c a l   3 0 0 - a i r p l a n e   s u b s o n i c  
t r a n s p o r t   p r o g r a m .  

The f i n a l  area o f   o p p o r t u n i t y   f o r   p r o d u c t i v i t y   i m p r o v e m e n t  is 
i n   t h e   r e d u c t i o n   o f  corporate r i s k s .   F i g u r e  8 i l l u s t r a t e s  t h e  
impact o f   d e c i s i o n   m a k i n g   o n   p r o g r a m  cos t ,  w i t h   p r e l i m i n a r y   d e s i g n  
h i g h l i g h t e d  as  t h e  c r i t i c a l  p h a s e   i n   t h i s  process. By t h e   e n d   o f  
t h i s   p h a s e   e v e n   t h o u g h   o n l y   f o u r   p e r c e n t   o f  t h e  t o t a l  product  cost  
h a s   b e e n   i n c u r r e d ,   a b o u t  70 p e r c e n t   o f  t.he d e c i s i o n s   h a v e   b e e n  
made ;   t hus  i t  w i l l  b e   s e e n   t h a t   p r e l i m i n a r y   d e s i g n   r e p r e s e n t s  a 
p e r i o d  of t r e m e n d o u s   r i s k .   T h e   i n t r o d u c t i o n   o f  new methods and 
too ls  w h i c h   o p t i m i z e  t h e  q u a l i t y   o f  t h e  e n g i n e e r i n g  work pe r fo rmed  
t h r o u g h   p r e l i m i n a r y   d e s i g n   r e d u c e s  t h e  risks i n h e r e n t   i n   t h e  
commitments made t o  t h i s   p o i n t .  

PRODUCTIVITY STAGPJATIOPJ 

E v e n   t h o u g h   n a t i o n w i d e   e f f o r t s   t o w a r d   i m p r o v e d   p r o d u c t i v i t y  
h a v e   d i m i n i s h e d   c o n s i d e r a b l y   o v e r  t h e  p a s t  20  y e a r s ,  computers 
h a v e   c o n t r i b u t e d  t o  n o t a b l e  successes i n  some i n d u s t r i e s   ( r e f .  1, 
2 ,  and 3 ) ;  However, many o f  these  e f f o r t s   h a v e   c o n c e n t r a t e d   o n  
s p e c i f i c   t a s k s   w i t h i n  a l a r g e r   p r o b l e m - s o l v i n g   e n v i r o n m e n t   a n d  
t h u s   h a v e   e x e r t e d   o n l y  l i m i t e d  i n f l u e n c e   o n   p r o d u c t i v i t y   i n  t h e  
b r o a d   s e n s e .  To  i l l u s t r a t e   t h i s   p o i n t ,   f i g u r e  9 s h o w s   r e l a t i v e  
amoun t s   o f  computer p rogram  deve lopmen t  a t  B o e i n g   i n  t h e  
a p p l i c a t i o n  areas  o f  (1) t e c h n i c a l   a n a l y s i s ,  ( 2 )  d e s i g n ,   a n d  ( 3 )  
b u s i n e s s   s y s t e m s .   S h a d e d   p o r t i o n s   o f  each bar i n d i c a t e   t h e  
p r o p o r t i o n   o f  these c o m p u t e r   p r o g r a m s   t h a t  a re  i n t e g r a t e d   f o r  
o p t i m u m  u t i l i t y   t h r o u g h o u t   t h e   p r o b l e m - s o l v i n g   e n v i r o n m e n t .  
Despite 25 y e a r s   o f   e x p e r i e n c e   a n d   e f f o r t  w i t h  p r o g r a m   i n t e g r a t i o n  
a t  B o e i n g ,   b r o a d   u t i l i z a t i o n  of t h i s  i n f o r m a t i o n   i n t e g r a t i o n  
t e c h n i q u e  is still  v e r y  l o w .  T h i s  small d e g r e e  t o  w h i c h  
i n f o r m a t i o n  is i n t e g r a t e d   w i t h i n   p r o b l e m   s o l v i n g  processes is  
e v i d e n t   f a i r l y   g e n e r a l l y   t h r o u g h o u t   A m e r i c a n   i n d u s t r y   a n d  is o n e  
of t h e   p r i m a r y   c a u s e s  of p r o d u c t i v i t y   s t a g n a t i o n .  

~. 
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NEW PRODUCTIVITY PLATEAUS 

" H a r d "   V e r s u s   " S o f t "   I n f o r m a t i o n  

T o   d a t e   t h e   s e a r c h  f o r  p r o d u c t i v i t y   h a s   c o n c e n t r a t e d   o n  
i n d i v i d u a l s ,   t h e i r  t a sks ,  a n d   c e r t a i n  c ruc ia l  p h y s i c a l   w o r k  space 
a n d   e q u i p m e n t   c o n s i d e r a t i o n s .   T h e s e  may be t h o u g h t  of as  t h e  
" h a r d "   i n f o r m a t i o n   e l e m e n t s  of t h e  p r o b l e m - s o l v i n g   e n v i r o n m e n t  fo r  
t h e y  are  v i s i b l e ,   t a n g i b l e ,   a n d   c o n c r e t e .  They possess simple 
d a t a  charac te r i s t ics  s u c h  a s  g e o m e t r y   t o p o l o g y ,   q u a n t i t y ,  
l o c a t i o n ,  e tc .  They a re ,  t h e r e f o r e ,   e a s i l y   m a n a g e d .  

I n   c o n t r a s t ,   t h e r e  are  c e r t a i n   " s o f t "   i n f o r m a t i o n   e l e m e n t s  
t h a t  a r e  c h a r a c t e r i z e d   b y  abs t r ac t  q u a l i t i t i e s ;   t h e y  are  
i n v i s i b l e ,   t h e o r e t i c a l ,   a n d   c o m p l e x .  These s o f t   i n f o r m a t i o n  
e l e m e n t s   m u s t   b e   r e p r e s e n t e d  by e q u a t i o n s ,   m a t h e m a t i c a l   s y m b o l s ,  
a n d   l o g i c .   S o f t   i n f o r m a t i o n  is  v i s i b l e   a b s t r a c t l y   i n   d r a w i n g s ,  
a n a l y s e s ,   c o m p u t e r   p r i n t o u t s ,   a n d   e l e c t r o n i c   d i s p l a y s .   O b v i o u s l y ,  
i t  i s  v a s t l y  more d i f f i c u l t  t o  manage s o f t   t h a n   h a r d   i n f o r m a t i o n ,  
e s p e c i a l l y   b e c a u s e   o f  i t s  v o l u m e   a n d   c o m p l e x   c o m p u t e r   s t r u c t u r e s  
a n d   r e l a t i o n s h i p s .  A s  a c o n s e q u e n c e ,   t h e r e  a re  f e w   i n - p l a c e  
computer p rograms  t h a t  deal  a d e q u a t e l y  w i t h  s o f t   i n f o r m a t i o n .  

A l though  i t  is  u n d e r s t a n d a b l e - - a s  well as d e m o n s t r a b l e - - t h a t  
i n d u s t r y  h a s  c o n c e n t r a t e d   u p  t o  now o n   d e a l i n g   e f f e c t i v e l y   w i t h  
h a r d   i n f o r m a t i o n ,  it is e s s e n t i a l ,   i f  w e  are  t o  a c h i e v e  new 
p r o d u c t i v i t y   p l a t e a u s   i n   t h e   f u t u r e   t h r o u g h   l a r g e - s c a l e  
i n f o r m a t i o n   i n t e g r a t i o n ,  tha t .  we a l so  c o n c e n t r a t e   o n   h a n d l i n g   s o f t  
d a t a .  

Data Base and  Work R e l a t i o n s h i p s  

I n  t h e  complex process o f   i n t e g r a t i n g   i n f o r m a t i o n   a n d  work 
p e r f o r m a n c e ,   t h e   k e y   e n t i t i e s  a r e  t h e  product o r g a n i z a t i o n ,  i ts  
tasks ,  and  t h e  d a t a   b a s e .  The most c r u c i a l   c h a l l e n g e  is t h e  
c o n s t r u c t i o n  of a n   e f f e c t i v e   i n t e r r e l a t i o n s h i p   b e t w e e n  these 
e n t i t i e s .   F i g u r e  1 0  shows t h i s  r e l a t i o n s h i p   a n d  makes t h e  
p a r t i c u l a r   p o i n t  t h a t  bo th  h a r d  and  s o f t  i n f o r m a t i o n  must: be 
i n t e g r a t e d   o n  a t o t a l  o r g a n i z a t i o n a l  bas i s .  The I P A D  s y s t e m  
r e c o g n i z e s   t h a t  i t  m u s t  be c o n c e r n e d   n o t   o n l y   w i t h   t h e   s p e c i a l i z e d  
i n f o r m a t i o n   n e e d s   o f   i n d i v i d u a l s   a n d   s u b g r o u p s   b u t  w i t h  a l l  o f  t h e  
v a r i o u s   p a r t i c i p a t i n g   f u n c t i o n a l   o r g a n i z a t i o n s   t h a t   c o n t r i b u t e  to 
p r o d u c t   c r e a t i o n .   T h e  common r e s o u r c e   f o r   i m p l e m e n t i n g  t h e  
r e l a t i o n s h i p   b e t w e e n  work a n d   i n f o r m a t i o n  i s  t h e  d a t a  base, and  i t  
is t h r o u g h  t h i s  r e p o s i t o r y  t h a t  a l l  o f  t h e  d i v e r s e   a c t i v i t i e s "  
c o n s t r u c t i o n ,   d i s p l a y ,   e x e c u t i o n ,   m o d i f i c a t i o n ,   a n d   d i s p o s i t i o n  of 
work--have common access t o  r e q u i r e d   i n f o r m a t i o n .  
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A c t i o n   a n d   I n f o r m a t i o n  

I n   e v a l u a t i n g  t o t a l  o r g a n i z a t i o n s   a n d   t h e i r   t a s k s ,  I P A D  is 
o b l i g e d  t o  p r o v i d e   a n   e n v i r o n m e n t   w h e r e   a c t i o n   c a n  be i n t e g r a t e d  
w i t h   i n f o r m a t i o n ,   f o r   t h e s e  are t h e   b a s i c   e l e m e n t s   b y   w h i c h  human 
p a r t i c i p a n t s  m u s t  b e   r e p r e s e n t e d .   F i g u r e  11 shows t h a t   t h e   u s e r  
is found  a t  a l l  l e v e l s   o f   a c t i v i t y   w i t h i n   a n   o r g a n i z a t i o n a l  
s t r u c t u r e .   Q u e s t i o n s   o f  "what"  p e r t a i n i n g  t o  t h a t   u s e r ' s  
a c t i v i t i e s  a re  p r i m a r i l y   c o n c e r n e d   w i t h   i n f o r m a t i o n   i n   t h e  
o r g a n i z a t i o n ,   w h e r e a s   q u e s t i o n s   o f  ''how" r e l a t i n g  t o  t h e  
o r g a n i z a t i o n ' s   a c t i v i t i e s  are  e s s e n t i a l l y   c o n c e r n e d   w i t h   t h e  
a c t i o n s   o f   t h e   u s e r .  

F i g u r e  1 2  l i s ts  t h e   f i v e   k e y   p r o b l e m s  t o  b e   s o l v e d   i f  
s u c c e s s f u l   i n t e g r a t i o n   o f   a c t i o n   w i t h   i n f o r m a t i o n  i s  t o  b e  
a c h i e v e d :  (1) l a r g e   n u m b e r s   o f  people a n d   s p e c i a l i z e d   t a s k s   ( t h e  
" l o t s  o f "   p r o b l e m ) ;  ( 2 )  da t a  b a s e s ,   b o t h   d i s t r i b u t e d   a n d   u n i f i e d ;  
( 3 )  data  s h a r i n g   a n d   c o m m u n i c a t i o n   c a p a b i l i t i e s ;  ( 3 )  communica t ion  
s t a n d a r d s ;   a n d  ( 5 )  i n t e g r a t i o n   o f  u s e r  a p p l i c a t i o n   p r o g r a m s .  

I I P A D  PRODUCTS 

One un ique   accompl i shmen t   o f  t h e  I P A D  p r o g r a m   h a s   b e e n   t h e  
e s t a b l i s h m e n t   o f   g e n e r i c   h a r d w a r e   a n d   s o f t w a r e   a r c h i t e c t u r e s   t h a t  
a d d r e s s   t h e s e   k e y   i n t e g r a t i o n   p r o b l e m s .  A s  a c o n s e q u e n c e ,   t h e s e  
a r c h i t e c t u r e s   p r o v i d e   f o r  (1) m u l t i p l e  computer s y s t e m s  t o  e n s u r e  
a d e q u a t e   c a p a c i t y   a n d   r e l i a b i l i t y ;  ( 2 )  h e t e r o g e n e o u s   c o m p u t e r  
m a n u f a c t u r e r s   a n d   v e n d o r s  t o  p r o v i d e   c o s t - e f f e c t i v e   m a t c h i n g   o f  
t a s k s  w i t h  computer d e v i c e s  a s  well  as  c o m p e t i t i v e   p r o c u r e m e n t ;  
and ( 3 )  a h i e r a r c h y   o f   c o m m u n i c a t i o n   c a p a b i l i t y ,   w i t h  spec ia l  
e m p h a s i s   o n   c h a n n e l   s p e e d   l e v e l s  t o  e n s u r e   e f f e c t i v e   d a t a -   a n d  
p r o g r a m - s h a r i n g .  

A s  a c o n s e q u e n c e   o f   t h i s  approach, t h e  I P A D  computer 
l a b o r a t o r i e s   h a v e   b e e n   d e v e l o p i n g  three d i f f e r e n t   s o f t w a r e  
i m p l e m e n t a t i o n s   ( f i g .  1 3 )  f o r  t h r e e   d i f f e r e n t   m a n u f a c t u r e r ' s  
computers. The t h r e e  computers a re  c o n n e c t e d   t o g e t h e r   b y   h i g h -  
speed   communica t ions ,  t h u s  p r o v i d i n g   m e g a b i t   s p e e d   c o m m u n i c a t i o n  
b e t w e e n   t h e s e   h e t e r o g e n e o u s   m a c h i n e s .   F i g u r e s  1 4  and  15 show t h e  
d e t a i l e d   a r c h i t e c t u r e   o f   t h e s e   s o f t w a r e   i m p l e m e n t a t i o n s .   I n   t h e s e  
d i a g r a m s ,  a h i g h   d e g r e e   o f   s y m m e t r y  is a p p a r e n t   i n   t h e   s o f t w a r e  
c a p a b i l i t y   e x i s t i n g  across t h e   t h r e e   m a c h i n e s ,   t h u s   e n s u r i n g  

, i n t e g r i t y  of u s e r  da ta  r e g a r d l e s s   o f   t h e   a p p l i c a t i o n   l o c a t i o n   o n  
a n y  of t h e   t h r e e   m a c h i n e s .  

I I n  some i m p l e m e n t a t i o n s ,   t h e s e   a r c h i t e c t u r e s  permit t h e   d a t a  
managemen t   func t ion  to  b e   p l a c e d   i n ,   a n d  t o  f u n c t i o n   f r o m ,   o n e  
m a c h i n e   o n l y ,   r e g a r d l e s s   o f   t h e   m a c h i n e   i n   w h i c h   t h e   a p p l i c a t i o n  
p r o g r a m   r e s i d e s .  
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I P A D  pr ior i t ies  a n d   f u n d i n g   l i m i t a t i o n s   h a v e  d ic ta ted  t h e  
s e q u e n c i n g  of d e v e l o p m e n t a l   a c t i v i t i e s ;   c o n s e q u e n t l y ,   t h e   g r e a t e s t .  
c a p a b i l i t y   c u r r e n t l y   r e s i d e s   i n   t h e  CYBER a r c h i t e c t u r e ,   w i t h  some 
lesser c o n c e n t r a t i o n   i n   t h e  VAX. I n   1 9 8 1 ,  much o f   t h i s   c a p a b i l i t y  
w i l l  a l so  be implemen ted   on   t he  IBM 4 3 4 1  machine .  

I P A D  d o c u m e n t s  have   been  created i n .   t h e  areas o f  (1) t h e  user 
t a s k   e n v i r o n m e n t   a n d  ( 2 )  a f u t u r e   " f u l l  I P A D "  c o n c e p t ,  as 
r e f l e c t e d   i n   t h e   p r e l i m i n a r y   d e s i g n   p h a s e .   I n   t h e  case of t h e  
u s e r   t a s k   e n v i r o n m e n t ,   d o c u m e n t a t . i o n   c o v e r s  (1) r e f e r e n c e   d e s i g n  
p r o c e s s ,  ( 2 )  i n t e r a c t i o n   b e t w e e n   d e s i g n   a n d   m a n u f a c t u r i n g ,   ( 3 )  
p r o j e c t   m a n a g e m e n t   p r o c e s s e s ,   a n d  ( 4 )  da t a  f l o w   a n d  d a t a  s i z e s  
c o n s i s t e n t   w i t h   t h e   r e f e r e n c e   d e s i g n   p r o c e s s   e n v i r o n m e n t .  
P r e l i m i n a r y   d e s i g n   d o c u m e n t - a t i o n   ( r e f l e c t i n g   f u t u r e   f u l l  I P A D )  
c o v e r s  (1) " I P A D  Sys tem  Des ign   Overv iew,"  ( 2 )  "User I n t e r f a c e  
P r e l i m i n a r y   D e s i g n , "   ( 3 )  " I P A D  E v a l u a t i o n s   a n d   A l t e r n a t i v e s , "  ( 4 )  
" I P E X  P r e l i m i n a r y   D e s i g n , "  ( 5 )  " I P I P  P r e l i m i n a r y   D e s i g n , "  ( 6 )  
" I P A D  G r a p h i c s , "   ( 7 )  " I P A D  Geometry,"  ( 8 )  "User V i e w  o f  I P A D , "  and 
( 9 )  " I P A D  L e v e l  2 Des ign ."   (Boeing   documents  D6-IPAD-70036-D, 
V o l u m e s  1 t h r o u g h  9 . )  

Phase  I ,  a s u b s e t  o f   f u l l  I P A D  d e s i g n ,   h a s   b e e n   d e v e l o p e d .  
F i g u r e s   1 6   a n d   1 7  l i s t  t h e   v a r i o u s   s o f t w a r e   m o d u l e s   o f  t h i s  p h a s e  
I d e v e l o p m e n t   a n d   i n d i c a t e   t h e   e n g i n e e r i n g   u s e s   a n d   c a p a b i l i t i e s  
o f   e a c h .  

ORGANIZATIONAL I M P L I C A T I O N S  

T h e   e m e r g e n c e   o f   l a r g e - s c a l e   i n t e g r a t i o n   o f   i n f o r m a t i o n   a n d  
a c t i o n ,  a s  d i s c u s s e d   a b o v e ,  w i l l  a f f e c t   n o t   o n l y   t h e   h a r d w a r e   a n d  
s o f t w a r e   a r c h i t e c t u r e s - - t h e   m a c h i n e s   a n d   t h e  procedures f o r   t h e i r  
u s e - - b u t  even  more d r a m a t i c a l l y   t h e   o r g a n i z a t i o n   a n d   u t i l i z a t i o n  
o f   p e o p l e  a s  well. P r e s e n t  I P A D  s t a t e - o f - t h e - a r t   d e v e l o p m e n t s  
h a v e   v e r y   b r o a d   i m p l i c a t i o n s   f o r   e n g i n e e r i n g   a n d   p r o d u c t - c r e a t i o n  
o r g a n i z a t i o n s .  T h e s e  o r g a n i z a t i o n s  now f a c e   r e v o l u t i o n a r y  
q u e s t i o n s   w i t h   r e s p e c t  t o  t h e   p r o c e s s e s   a n d  resources o f  product  
c r e a t i o n   i n   a n   i n t e g r a t e d   e n v i r o n m e n t .  T h e s e  processes w i l l  have  
t o  b e   e s t a b l i s h e d ,   d e f i n e d ,   a n d   a p p r o p r i a t e l y   r e o r i e n t e d  to  
c a p t u r e   t h e   p r o d u c t i v i t y   i m p r o v e m e n t -   o p p o r t u n i t i e s   t h i s   i n t e g r a t e d  
e n v i r o n m e n t   a f f o r d s .  

E a c h   o r g a n i z a t i o n  w i l l  need t o  r e v i e w  a l l  t h e   r e s o u r c e s  a t  
i t s  d isposa l .  T h e s e  i n c l u d e  t h e  people resources: e n g i n e e r s ,  
programmers,  a n d  managers ;  t h e  m e c h a n i c a l  resources: computer  
ha rdware ,  b o t h  l oca l  and remote; t h e  d a t a  resources: p a p e r  a n d  
e lec t ronic  med ia ;   and   t he   communica t ions  resources, both  human and 
e1ect.ronj.c. 

The c r i t i c a l  q u e s t i o n  tha t .  m u s t  be a s k e d  is: H o w  s h a l l  w e  
o r g a n i z e ?   S h o u l d  w e  c o n t i n u e  t o  be d i s c i p l i n e -   a n d   a c t i o n -  
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o r i e n t e d  (as  is commonly t h e  case)?  O r  s h o u l d  w e  r e o r g a n i z e  t o  b e  
t a s k - ,  process-, a n d   i n f o r m a t i o n - o r i e n t e d ?  H o w  c a n  w e  b e s t   a l i g n  
t h e s e   r e s o u r c e s  to  c o n t r o l   a n d   d i r e c t   t h e m   t o w a r d   p r o d u c t   c r e a t i o n  
a t  a h i g h e r   l e v e l   o f   p r o d u c t i v i t y ?  

F i g u r e   1 8   s h o w s   t h e  most p r o b a b l e   s t r u c t u r e  of a n  
o r g a n i z a t i o n   f e a t u r i n g   i n t e g r a t e d   a c t i o n   a n d   i n f o r m a t i o n .  Most 
corporate p r o d u c t   o r g a n i z a t i o n s  a re  headed   by  a h i g h - l e v e l  
e x e c u t i v e   c h a r g e d   w i t h   p r o f i t   c e n t e r   r e s p o n s i b i l i t y   f o r   t h a t  
p a r t i c u l a r   p r o d u c t   l i n e .   G i v e n   t h e   s t a t e - o f - t h e - a r t   i n   c o m p u t e r  
h a r d w a r e   a n d   s o f t w a r e ,  it now appears v e r y  cost  e f f e c t i v e  t o  
c o m b i n e   t h e   i n f o r m a t i o n   r e s o u r c e s   w i t h   t h e  people r e s o u r c e s   i n  a n  
o r g a n i z a t i o n   s u c h  as t h e   o n e  shown  here .  

CONCLUDING REMARKS 

From t h e   f o r e g o i n g ,  it w i l l  b e   s e e n  t h a t  p r o d u c t i v i t y   g a i n s  
l a v e   r e s u l t e d   f r o m   t h e   i n t r o d u c t i o n   o f   c o m p u t e r  t o o l s ,  a l b e i t  of  
l i m i t e d  i n f o r m a t i o n   i n t e g r a t i o n   c a p a b i l i t y .   H o w e v e r ,   i f  w e  a re  t o  
neet t h e   g r e a t   p r o d u c t i v i t y   c h a l l e n g e   o f   t h e   1 9 8 0 ' s ,   f u r t h e r  
p r o g r e s s   t o w a r d  new p la t eaus  w i l l  d e p e n d   o n   w h a t   c a n   b e   a c h i e v e d  
t h r o u g h   l a r g e - s c a l e   i n f o r m a t i o n   i n t e g r a t i o n  ( L S I I ) .  T h i s  implies 
t h e  f u r t h e r   i n t e g r a t i o n   o f   h a r d w a r e   a n d   s o f t w a r e   a r c h i t e c t u r e s ,  
advanced IPAD- l ike  s y s t e m   s o f t w a r e ,   h e t e r o g e n e o u s   d i s t r i b u t e d  
p r o c e s s i n g   w i t h   m e g a b i t   c o m m u n i c a t i o n s ,   a n d   a p p l i c a t i o n   p r o g r a m s  
i n t e g r a t e d   w i t h i n   t h e s e   a r c h i t e c t u r e s .  

O r g a n i z a t i o n a l ,   e n g i n e e r i n g ,   a n d   m a n a g e m e n t   p h i l o s o p h i e s   a n d  
c o n c e p t s  a re  c h a n g i n g .   I n f o r m a t i o n  w i l l  be  a p o w e r f u l  new 
r e s o u r c e  t o  b e   i n t e g r a t e d  w i t h  t h e  u s u a l  people and   mach ine  
resources.. T h e   i m p l e m e n t a t i o n   o f  these new c o n c e p t s  m u s t  b e  
c o n t r o l l e d   a n d   a p p l i e d   w i t h  u t m o s t  management s k i l l  i f  w e  a re  t o  
a c h i e v e   p r o d u c t i v i t y   i m p r o v e m e n t s   n e c e s s a r y  t o  e x p l o i t  t h e  
D p p o r t u n i t i e s   t h a t  w i l l  f a c e  u s  i n   t h e  decade w e  have  now e n t e r e d .  
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Figure 1.- Product  information,  quality and cost control. 

Figure 2.- Productivity  improvement,  reduced  required resources. 
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Figure 3.- Productivity improvement,  reduced  resources example. 
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Figure 4.- Productivity improvement,  reduced  resources example. 
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Figure 5.- Productivity  improvement,   improve  task  results.  

OUT  OF SEQUENCE WORK 

DOLLARS 

t I 

.UNTIMELY 
ENGRG 

UNNECESSARY 
MFG  CHANGES 

PRODUCT 
COST 
INCREMENT 

.EXCESS COST 1 I I I 
PRELIMINARY  DESIGN  MANUFACTURE 
DESIGN 

TIME 

Figure 6.- P roduc t iv i ty  improvement,  reduce  downstream costs. 
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Figure 7.- Productivity  improvement,  reduced  downstream  costs potential. 
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Figure 8.- Productivity improvement, reduce risk. 
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TECHNOLOGY  DESIGN BUSINESS 
OPERATIONS 

Figure 9.- Stagnating productivity, application program  integration. 
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Figure 10.- Data base work relationships. 
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Figure 11.- Organizations - actions  and  information. 
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Figure 12.- Integration of action and information, system design issues. 
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Figure 13.- IPpD products,  phase I - hardware architecture. 
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Figure 14.- IPAD software  products - phase I. 
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Figure 15.- IPAD software  products - phase I. 
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Figure 16.- IPAD products - phase I. 
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Figure 17.- IPAD products - phase I continued. 
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Figure 18.- Integration of action and information resources. 

234 



CASE  STUDY - LOCKHEED-GEORGIA COMPANY INTEGRATED DESIGN  PROCESS 

C. Thunnan  bJaldrop 
R&D Staff   Engineer  

Lockheed-Georgia Company 

SUMMARY 

This   paper   p resents  a case s tudy  of the  development of a n   I n t e g r a t e d  
Design  Process a t  t h e  Lockheed-Georgia Company. There  has  been a continu- 
ing  growth  of  computer-aided  design  and  analysis  result ing  in  improvements 
i n   e f f i c i e n c y  and c a p a b i l i t i e s   b u t   t h e r e  are also  problems  such as sub- 
op t imiza t ion   w i th in   each   d i sc ip l ine ,   da t a   hand l ing ,  and data  concurrency. 
The approach  taken  in   preparing  for   the  development  of an   i n t eg ra t ed   des ign  
process   inc ludes  some of t h e  IPAD approaches  such as developing a Design Pro- 
cess Model, cataloging  Technical  Program  Elements  (TPE's),  and  examining 
d a t a   c h a r a c t e r i s t i c s  and interfaces   between  cont iguous TPE's.  The  imple- 
menta t ion   p lan  i s  based on an  incremental  development of c a p a b i l i t i e s  
over a per iod  of t i m e  wi th   each   s tep   d i rec ted   toward ,   and   cons is ten t   wi th ,  
t h e   f i n a l   a r c h i t e c t u r e  of a to ta l   in tegra ted   sys tem.   Because  of t i m e  
schedules  and d i f f e r e n t  computer  hardware,   this  system w i l l  no t   be   t he  
same as t h e   f i n a l  IPAD release; however, many IPAD concepts w i l l  no  doubt 
prove   appl icable  as the   bes t   approach .   Ful l   advantage  w i l l  be   taken of 
t h e  IPAD development  experience.  This case s tudy,   which  includes  forsee-  
able  problem areas, r e p r e s e n t s  a s c e n a r i o   t h a t   c o u l d   b e   t y p i c a l   f o r  many 
companies ,   even   ou ts ide   the   aerospace   indus t ry ,   in   deve loping   an   in tegra ted  
des ign   process   for   an   IPm-type   envi ronment .  

INTRODUCTION 

The Lockheed-Georgia Company has   been   i n   ope ra t ion   s ince   1951   i n  a 
f a c i l i t y   l a r g e l y  owned by t h e  U. S.  A i r  Force.  The  work force   has   ranged  
from  10,000 i n  1958, up to   33 ,000   i n   1969 ,  and  back down to   approximate ly  
10,000 a t  t h e   p r e s e n t  time. The Company is  the   p r ime   con t r ac to r   fo r   t he  
C-5, C-141 and C-130 m i l i t a r y   t r a n s p o r t s ,  JetStar bus iness  j e t  and numer- 
ous smaller p r o j e c t s .  It has   va r ious   mod i f i ca t ion   p ro j ec t s   and  is a sub- 
c o n t r a c t o r   f o r   o t h e r  Lockheed  companies  and o ther   aerospace   manufac turers .  
Computers  support a l l  the   bas i c   ope ra t ions ,   such  as prel iminary  design,   de-  
s ign   ana lys i s ,   p roduc t ion   des ign ,   t e s t ing ,   t oo l ing ,   f ab r i ca t ion ,   a s sembly ,  
purchasing,  product  support ,   f inance,   and  personnel.   This  paper i s  l i m i t e d  
t o   t h e   e v o l u t i o n  of  computer  usage i n   t h e   d e s i g n   p r o c e s s .  

Lockheed-Georgia  has s t e a d i l y   a p p l i e d  more sophis t icated  computer  
t echn iques   t o   t he   ana lys i s   and   des ign  of a i r c r a f t   s y s t e m s  as o f f e r e d  by 
the  advances  in   computer   technology.  The engineer ing  design  and  analyses  
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func t ions  were i n i t i a l l y   c o n c e i v e d  as a p rocess  of independent  computations 
by e a c h   t e c h n i c a l   d i s c i p l i n e .  As design  requirements   have become more 
s t r ingent ,   these   independent   computa t ions   have  grown  more d e t a i l e d   i n  
scope,   have  required  more  input   data ,   and  have  produced more output   da ta .  
This  growth i n   s p e c i a l i z a t i o n   a n d   i n   t h e  amounts  of data   generated  have 
produced  superior   designs,   but   the  management o f   t h i s   d a t a   h a s  become 
c o s t l y  and d i f f i c u l t .  Over a per iod  of  time, the  individual   computer   pro-  
grams  have   been   subopt imized   for   fas te r   execut ion ,   and ,   in  some cases, 
interface  problems  have  been  encountered.  The  means  of  handling  data 
among the  hundreds of individual  computer  programs i n  a des ign-ana lys is  
cyc le  is a major   source of ca lendar  time de lays .  A s  a r e s u l t ,  Lockheed- 
Georgia   has   a t tempted  to   minimize  the  delays by op t imiz ing   t he   t o t a l   eng i -  
nee r ing   ana lys i s   cyc le  time rather   than  any  one  discipl ine  methodology  or  
computer  program.  Further,  more  extensive  use w a s  made of  computer real- 
time access and d a t a   f i l e  management f o r  communication  of  data,  improved 
v i s i b i l i t y ,  and ease of  management a c r o s s   e a c h   d i s c i p l i n e .  

One example  of  progress i n   t h i s   e f f o r t  is r ep resen ted  by the   In t eg ra -  
ted   S t ruc tura l   Analys is   Sys tem  deve lopment .   This   opera t iona l   sys tem  pro-  
v ides   computer   appl ica t ions   for  more t ime ly   t r ans fe r   and   con t ro l   o f   s t ruc -  
t u r a l   a n a l y s i s   d a t a   a c r o s s   t h e   t e c h n i c a l   i n t e r f a c e s   f r o m   a e r o d y n a m i c s  
through  bas ic   loads ,   dynamic   response ,   f lu t te r ,   and   margin   o f   sa fe ty   ana ly-  
ses. Th i s   sys t em  subs t an t i a l ly   r educes   t he   ca l enda r  time f o r  a thorough 
s t ructural   analysis   thereby  reducing  development   costs .   Another   example 
is the   ongo ing   p ro j ec t ,   I n t e rac t ive  Computer  Program  f-or A i rc ra f t   P re l imi -  
nary  Design  Integrat ion.  However, t h e s e   e f f o r t s   r e p r e s e n t   o n l y  a small 
p a r t  of t h e  j o b  of i n t e g r a t i n g   t h e   t o t a l   e n g i n e e r i n g   d e s i g n .  Thus, a 
genu ine   need   ex i s t s   fo r  a t o p - l e v e l   i n t e g r a t i o n  of t h e   o v e r a l l   d e s i g n   p r o -  
c e s s   t o   e n s u r e   t i m e l y  and  comprehensive  control  of  the  computerized  design 
process  a t  i t s  many i n t e r f a c e s .  The NASA IPAD program i s  a start i n   t h i s  
important area, but   the   indus t ry   rec ip ien t   mus t   implement  a comprehensTve 
companion  program t o   r e c o n c i l e  IPAD w i t h   h i s   p a r t i c u l a r   p r o d u c t   l i n e  and 
approach   t o   t he   des ign   p rocess .   In   p repa ra t ion   fo r   t ak ing   fu l l   advan tage  
of t h e  IPAD Program  products,  Lockheed-Georgia i n i t i a t e d   t h e   I n t e g r a t e d  
Design  Process   Project  . 

INTEGRATED  DESIGN  PROCESS  DEVELOPMENT 

The f i r s t  s t e p  w a s  the  development of a design  process   model   for  a 
thorough  understanding of t h e   i n t e r r e l a t i o n  and the   sequencing  of func- 
t ions  performed by t h e   v a r i o u s   d i s c i p l i n e s   i n v o l v e d   i n   t h e   d e s i g n   p r o c e s s .  
A mul t i -d i sc ip l ine  team w a s  e s t a b l i s h e d   t o   a s s u r e   t h a t  a l l  d i s c i p l i n e s  were 
adequately  considered and a p p r o p r i a t e l y   i n t e g r a t e d   i n t o   t h e   o v e r a l l   p r o -  
cess. D e s i g n ,   f l i g h t   s c i e n c e s ,   s t r u c t u r e s ,   a v i o n i c s  and  information  pro- 
cess ing  are r ep resen ted  by  permanent members on t h e  team; o t h e r s  are ava i l -  
a b l e  on a n  "as r equ i r ed"   bas i s .  The des ign   process  model w a s  developed 
g raph ica l ly  as a w a l l - s i z e d   d i s p l a y   i n  a "Design  Process   Integrat ion Con- 
. t r o l  Room" as shown i n   F i g u r e  1 so  t h a t  i t  can  be  readily  reviewed  and 
discussed  s imultaneously by an   appropr ia te   g roup .   This   p roved   to   be   an  
e x c e l l e n t   t o o l   f o r  showing t h e   e x p e r t   i n  a p a r t i c u l a r   d i s c i p l i n e  how he  
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relates t o   t h e   o t h e r   d i s c i p l i n e s  and how h i s  work f i t s   i n t o   t h e   o v e r a l l  
design  process .  

This   design  process   model  w a s  t a i l o r e d   a f t e r   t h e  model  developed by 
t h e  Boeing IPAD Team which i s  documented i n  IPAD Report D6-IPAD-70010-D. 
The IPAD model is d i v i d e d   i n t o   n i n e  levels of a c t i v i t y  as shown i n   F i g u r e  
2 f o r  a commerc ia l   t r anspor t   a i r c ra f t .  The f i r s t   s t a g e ,   c o n t i n u i n g  re- 
search ,  i s  descr ibed  as a c t i v i t y  Level I. The long-term  research  s tage 
cont inua l ly   p rovides  new des ign   p rocedures ,   t echn ica l   ana lys i s   capab i l i -  
t i es ,  and   da t a   fo r   t he   des ign  of a i r c r a f t .  The second  s tage,   prel iminary 
design,  is d i v i d e d   i n t o   f o u r   a c t i v i t y  levels: des ign  cr i ter ia  s e l e c t i o n  
( L e v e l   I I ) ,   d e s i g n   s i z i n g  (Level I I I ) ,   des ign   r e f inemen t   (Leve l  I V ) ,  and 
des ign   ve r i f i ca t ion   (Leve l  V ) .  The th i rd   s tage ,   p roduct   deve lopment ,  is 
d i v i d e d   i n t o   f o u r   a c t i v i t y  levels: p roduc t   de t a i l   des ign   (Leve l  V I ) ,  
product  manufacture  (Level V I I ) ,  p roduc t   ve r i f i ca t ion   (Leve l  V I I I ) ,  and 
product   support  (Level IX). 

The conversion  of   the IPAD model t o   a p p l y   t o  a m i l i t a r y  program  pro- 
cess   requi red  a c o r r e l a t i o n  of t h e s e   n i n e   l e v e l s   t o   t h e  program  phasing 
requi red  by t h e  la tes t  DOD Sys tem  Acquis i t ion   Process   re f lec ted   in  DOD D i -  
r ec t ives   5000 .1  and 5000.3 and OMB C i rcu la r  A-109. The b a s i c   d i f f e r e n c e  
e x i s t s   i n   t h a t  many of t h e   n i n e   l e v e l s  of t h e  IPAD process  are overlapping 
a c t i v i t i e s   w h e r e i n   t h e  DOD program  phasing  represents  an  end-to-end ar- 
rangement of a c t i v i t i e s   w i t h  a decis ion  milestone  between  each  phase be- 
fore   the   next   phase   can   proceed . .   This  is r e f l e c t e d   i n   F i g u r e  3 with   an  
approx ima t ion   o f   t he   r e l a t ive   co r re l a t ion   be tween   t he  two types  of  pro- 
grams. 

Another  major  difference  between  the two types of programs is  t h e  
t iming of t h e   f i r s t   f l i g h t  test of t h e   a i r c r a f t .   T h i s   p o i n t   u s u a l l y  oc- 
c u r s   i n   t h e   m i l i t a r y  program  during  the  Demonstration and Va l ida t ion  
Phase  (Block C of Figure 3 )  a t  which t i m e  the   p resent ly   popular   p ro to type  
f l i g h t  test programs are conducted.   This   can  be  in   the form of a com- 
p e t i t i v e   f l y - o f f   o r  a non-competitive  proof of a p rev ious ly   s e l ec t ed  air- 
c ra f t   be fo re   commi t t ing   t o  a full-scale  development and production  pro- 
gram. The cu r ren t   h igh   fund ing   r equ i r ed   fo r   t h i s   app roach  i s  p r o h i b i t i v e  
f o r   t h e   c i v i l   s e c t o r   t o   a b s o r b ,   a n d ,  as a r e s u l t ,   t h e   f i r s t   f l i g h t  of fu- 
t u re   commerc ia l   a i r c ra f t   u sua l ly  w i l l  n o t   o c c u r   u n t i l   t h e   f i r s t   p r o d u c t i o n  
a i r c r a f t .  Other  changes were r e q u i r e d   t o   t h e  IPAD p r o c e s s   i n   s e v e r a l  areas 
t o  expand t h e   p r o c e s s   t o  show more  of t h e   s i g n i f i c g n t   f u n c t i o n s  and t o  re- 
f l e c t  more  complete  interface  of test r equ i r emen t s   and   r e su l t s   w i th   t he  de- 
s ign   func t ions .   Add i t iona l ly ,   ex t r a   rou t ines  were i n c o r p o r a t e d   i n   t h e  
a p p r o p r i a t e   p l a c e s   f o r   t h e   c o n s i d e r a t i o n  of l o a d   a l l e v i a t i o n  and f l u t t e r  
suppress ion   fea tures .  

The IPAD d e s i g n   p r o c e s s   r e f l e c t e d  no  wind tunne l  test s u p p o r t   f o r  
Level I V Y  design  ref inement .  The only wind tunnel  tests were shown as 
Level V,  d e s i g n   v e r i f i c a t i o n ,   a n   a f t e r - t h e - f a c t   e f f o r t .   T h e r e f o r e ,   L e v e l  
I V  w a s  expanded  by  showing t h e  earliest  p o i n t   i n   t h e   d e s i g n   p r o c e s s  when 
configurat ion  development   a l lows  meaningful  wind tunnel  models  to  be  de- 
s igned  and  tes ted  fol lowed by t h e   p o i n t  when t h e  wind tunne l  test r e s u l t s  
are needed i n   t h e   d e s i g n   p r o c e s s .  Wind tunne l  tests t o   s u p p o r t   t h e   d e s i g n  
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process  have  always  been a pac ing   fac tor ,   bu t   reducing   the   cyc le  time 
th rough   t he   i n t eg ra t ed   des ign   p rocess  makes t h i s   p a c i n g   f a c t o r   e v e n  more 
c r u c i a l .   T h i s   h i g h l i g h t e d   t h e   n e e d   t o   s i g n i f i c a n t l y   r e d u c e   . t h e  time span 
from  wind tunnel   model   design  through test da ta   r educ t ion .  A s  a r e s u l t ,  
a program w a s  i n i t i a t e d   f o r   r e d u c i n g   t h i s  time span  through  computer 
graphic   design,   numerical   control   fabr icat ion  of   the  model ,   and  improve-  
ments i n   d a t a   r e d u c t i o n   t e c h n i q u e s .   T h i s   e f f o r t   r e s u l t e d   i n   a n   i d e a l  
p i l o t  p rogram  not   on ly   for   in tegra t ing   the   des ign   func t ions   bu t   a l so   for  
d e m o n s t r a t i n g   t h e   f e a s i b i l i t y  of the   au tomated   t ransfer  and u s e  of d a t a  
across   the   des ign/manufac tur ing   in te r face .  

The design  process  development w a s  documented as a logic   diagram 
wi th   each   func t ion   and   dec is ion   po in t   descr ibed  by a n a r r a t i v e   d i s c u s -  
s ion .  In add i t ion ,   t he   l og ic   d i ag ram was computerized  on  the  Applicon 
machine  which i s  normal ly   used   for   c i rcu i t -board   log ic   des ign .   This  
a l lows   au tomat ic   p r in tout   and   eas i ly   incorpora ted   rev is ions .  The des ign  
process  w a s  g e n e r a l i z e d   t o  some degree  as a p p l i c a b l e   t o  a g e n e r i c  sub- 
s o n i c   m i l i t a r y   t r a n s p o r t   a i r c r a f t   w i t h  a wing  of m o d e r a t e   a s p e c t   r a t i o  
and w i t h  two to   fou r   eng ines   l oca t ed   i n   conven t iona l   a r r angemen t s .  
With t h e   u s e  of the   Appl icon   machine ,   the   appropr ia te   rev is ions   can   be  
qu ick ly   and   ea s i ly   i nco rpora t ed   t o   app ly   t o  a s p e c i f i c   a i r c r a f t   o r   t o  add 
s p e c i a l   d e s i g n   f e a t u r e s .  

The (computer)  application  programs  or  Technical  Program  Elements 
(TPE'S)  required to perform  each   of   the   des ign   func t ions   in   the   des ign  
process   have   been   ident i f ied .   These  TPE's are ca t a loged   and   c l a s s i f i ed  
as fo l lows  : 

1. Opera t iona l  - i n d i c a t e s   t h a t   t h e  program is  i n   c u r r e n t   u s e   o r  
has  been  used  even  though i t  may need some mod i f i ca t ion   t o   app ly  
t o  a p a r t i c u l a r  model a i r c r a f t .  

2 .  In  development - i nd ica t e s   t ha t   t he   p rog ram is  being  developed 
but  i s  no t   ye t   ope ra t iona l .  

3 .  Not developed - i n d i c a t e s   t h a t  a new program is  des i r ed   bu t  i s  
not   cur ren t ly   be ing   deve loped .  I 

The input  and  output  requirements were r e c o r d e d   t o   a i d   i n   e s t a b l i s h -  
i n g   d a t a   c o m p a t i b i l i t y  of contiguous TPE's t o   p e r f o r m   t h e   f u n c t i o n s .  A s  
a r e s u l t ,   s e v e r a l  ac t iv i t ies  were i n i t i a t e d   t o   d e v e l o p  a run-stream  of 
programs i n   v a r i o u s  areas of the   p rocess .   Also ,  a s p e c i a l   e f f o r t  was d i -  
r ec t ed  toward t h e   i n t e r f a c i n g  of various  geometry  modeling  programs  such 
as GRADE, CADAM @ , Lof t ,  2-D and 3-D s t r u c t u r a l   a n a l y s i s   m o d e l s ,  and 
pressure   d i s t r ibu t ion   models  i n  o r d e r   t h a t  a more common geometry  data  
base  could  be  developed  for  a l l  u s e r s .  GRADE is  t h e  Lockheed-Georgia 
developed  program,  Graphics  for Advanced Des ign ,   tha t   enables   the   p re l imi-  
na ry   des igne r   t o   pe r fo rm  h i s   cu r ren t   d rawzg   boa rd   t a sk   on  a g raph ic   d i sp l ay  
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c o u p l e d   w i t h   t h e   f u l l  power  of automation. A s  des igns  are genera ted ,   the  
program w i l l  au tomat ica l ly   deve lop  a mathematical   model  of  the  surface 
envelope. CADAM, Computer-graphics Augmented Design  and  Manufacturing, is 
a Lockheed-California  developed progTam f o r   d e s i g n   a n d   d r a f t i n g   f u n c t i o n s .  

Another t a s k  w a s  t h e   d e f i n i t i o n  of t h e   f e a t u r e s  and   requi rements   for  
those  computing  systems  needed t o   h a n d l e  a l l  of Lockheed's  engineering 
pro jec ts   th rough  1985.  The major   t ask  w a s  t o   d e t e r m i n e   t h e   e x i s t i n g  ma- 
chine  dependency  and  geographical   d is t r ibut ion  of   ongqing.   engineer ing 
computer   a ided  operat ions  and  then  def ine  the  needed  changes  in   system 
f e a t u r e s .  A l a r g e   p a r t   o f   t h e   r e s u l t s  of t h i s   t a s k  were i n c o r p o r a t e d   i n t o  
the   upda te  of Lockheed 's   computer   capabi l i t ies .  

The p a t t e r n  of funct ional   machine  dependency  and  geographical   d is t r i -  
b u t i o n   e x i s t i n g  a t  Lockheed i n  1979 is  shown i n   F i g u r e  4 .  The  mainframe 
computers are a l l  co - loca ted   i n  a c e n t r a l  computing f a c i l i t y  area, bu t  are 
not   d i rec t ly   coupled   for   any   exchange   of   da ta .  The work s t a t i o n   f o r  ex- 
te rna l   remote   p rocess ing  is loca ted   about  two miles away i n   a n   e n g i n e e r i n g  
f a c i l i t y  area. The minicomputers are sca t te red   th roughout  many d i f f e r e n t  
e l e c t r o n i c  and tes t  l a b o r a t o r i e s .  They are u s e d   f o r   d a t a   a c q u i s i t i o n  and 
a n a l y s i s   i n  wind t u n n e l s ,   f u l l - s c a l e  s t a t i c  and f a t i g u e  tests, a c o u s t i c  
tests, and f l i g h t  tests. Several   minicomputers may b e   d i r e c t l y   c o u p l e d   i n  
t h e  same lab   bu t   none   have   ne tworking   fea tures   to   o ther   l abs   o r   to   the  cen- 
t r a l  mainframes.   Funct ional ly ,   the   engineer ing  operat ions shown are ma- 
chine  dependent   to  a l a rge   deg ree .  The var ious  vendor   computers   have  dif-  
f e r e n t  word l eng ths  and d i f f e r e n t   i n t e r n a l   c h a r a c t e r   r e p r e s e n t a t i o n s .  
Double p r e c i s i o n  i s  o f t e n   r e q u i r e d   f o r   a c c u r a c y  on t h e  32 b i t  word IBM 
computer,  sometimes  on  the 36 b i t  word UNIVAC, and r a r e l y  on t h e  60 b i t  
word CDC computers. 

The p a t t e r n  of functional  machine  dependency and g e o g r a p h i c a l   d i s t r i -  
b u t i o n   t h a t  Lockheed p l ans   t o   have  implemented i n  1982 is shown i n   F i g u r e  
5. There are three  major  changes  being  implemented:  (1)  the  mainframe 
computers  and  selected  minicomputers w i l l  be  interconnected  for  computer- 
computer   da ta   t ransfers ,  ( 2 )  t he   g raph ic s   s copes  w i l l  be  removed  from t h e  
mainframe  and  remoted  on  minicomputers,  and (3)  a r ray   p rocesso r s  w i l l  be  
p rov ided   fo r   r ap id   ca l cu la t ions .  The major   thrust   of   these  changes is t o  
provide   for   hardware   in tegra t ion   and   rap id   da ta   t ransfers   be tween  the  vari- 
ous   engineer ing   d i sc ip l ines   and   wide   spread   loca t ions .  The  communications 
concentrator  added  to  the  mainframe  computer w a s  a major   need   def ined   in  
this   s tudy.   These  changes w i l l  a l s o   t a k e  more advantage  of  the  newer,  
more  powerful  and  lower-cost  minicomputers. Several minicomputer  vendors 
supply   the   requi red   sof tware   for   the i r   machines   to   ne twork   and   t ransfer  
da ta   to   o ther   machines .  

The long   range   goa l  of t h i s   s y s t e m  is  t o   p e r m i t   a n   o r d e r l y  implemen- 
t a t i o n  of Lockheed's  engineering  computer  aided  operations  and  the IPAD 
software.  The d a t a   b a s e  management system  software  could  be  implemented 
on  one  of the  mainframe  host   computers and  one  of t he   min icompute r s   i n  
each   ma jo r   l ab   i n s t a l l a t ion .  The d a t a  management sof tware  system w i l l  pro- 
v i d e   f o r   t h e   i n t e g r a t i o n  of d e s i g n   d a t a  as required.  Thus, by  1982,  major 
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improvements i n  d e s i g n   i n t e g r a t i o n  w i l l  have been  achieved  .which w i l l  in- 
crease e n g i n e e r i n g   p r o d u c t i v i t y ,   r e d u c e   e r r o r s ,   a d d   o p e r a t i o n a l   f l e x i b i l -  
i t y ,  and g r e a t l y   r e d u c e  RDT&E c o s t s   i n   t h e   d e s i g n  and t e s t i n g   p r o c e s s e s .  

Two s p e c i f i c  areas wi th in   t he   des ign   p rocess   have   been   i den t i f i ed  as 
cand ida te s   fo r   i n i t i a l   da t a   base   imp lemen ta t ion .   These  areas are reli-  
a b i l i t y / m a i n t a i n a b i l i t y   a n a l y s i s   a n d   a e r o e l a s t i c   l o a d s   a n a l y s i s .  

The reliability/maintainability a n a l y s i s  area was chosen  because of 
the  extremely  large  volume of da t a   i nvo lved   and   t he   necess i ty  of automat- 
ing   the  management of t h i s   d a t a .  Only  one  organization is i n v o l v e d   i n   t h e  
p repa ra t ion  and use  of t h i s   i n f o r m a t i o n .  One i m p o r t a n t   c h a r a c t e r i s t i c  of 
t h i s   d a t a  i s  t h a t  i t  is  f a i r l y  well s t ruc tured   and   the   da ta   base   can   be  
implemented  using  the  techniques  associated  with  existing  commercial   data 
base sys t ems .  

The a e r o e l a s t i c   l o a d s   a n a l y s i s  area w a s  se lec ted   because  i t  is repre-  
s e n t a t i v e  of t h e   t y p e s  of da ta   and   in te r faces   which  a t e c h n i c a l   d a t a   b a s e  
system  should  accommodate. The volume  of d a t a  i s  l a rge ,   t he   t ype   and  
s t r u c t u r e  of t h e   d a t a  is  q u i t e   v a r i e d ,  and s e v e r a l   d i f f e r e n t   o r g a n i z a t i o n s  
in t e r f ace   w i th   t he   da t a   base .  

Since no t echn ica l   da t a   base  management s y s t e m   c u r r e n t l y   e x i s t s  from 
which t o   g a i n   e x p e r t i s e   i n   d e f i n i n g   t e c h n i c a l   d a t a   b a s e   c h a r a c t e r i s t i c s ,  
f o r m a l   t r a i n i n g   i n   t h e  area of log ica l   da ta   base   des ign   for   commerc ia l  
systems  has  been  undertaken. The reliability/maintainability da ta   base  
c lose ly   resembles  a commercial   data   base  and,   therefore ,  i t s  design  can 
b e   i n i t i a l l y  modeled a f t e r  a commercial  system. 

The r i s k   i n v o l v e d   i n   t h e   a p p l i c a t i o n  of IPAD is  recognized. An IPAD 
which meets a l l  expec ta t ions  of performance, ease of i n s t a l l a t i o n ,  s i m -  
p l i c i t y  of in te r face   be tween man and  computer,   and  capabili ty of support-  
ing a t o t a l l y   i n t e g r a t e d   i n t e r a c t i v e   d e s i g n   s y s t e m ,  may f o u n d e r   i n  a par- 
t i c u l a r   i n s t a l l a t i o n   i f   t h e   p r o p e r   e n v i r o n m e n t  and planning are  not  pro- 
vided.   This  becomes p a r t i c u l a r l y   s i g n i f i c a n t   w i t h   t h e   m a g n i t u d e  of t h e  
t a s k   t o   a d a p t  a l a r g e   e x i s t i n g   d e s i g n   s y s t e m   t o   t h e   o r g a n i z a t i o n  and su- 
pe rv i s ion  of IPAD. 

The Lockheed  independent  development of a n   i n t e g r a t e d   i n t e r a c t i v e  de- 
s ign   sys tem  must   t ake   fu l l   advantage   o f   the   benef i t  of IPAD, e s p e c i a l l y   i n  
t h e  areas of d a t a  management  and distributed  computing  with  high-speed 
networks. Even t h o u g h   t h e   d i s t r i b u t i o n   e x e c u t i v e  and t h e  three-schema 
data  base  managers are d e s i r a b l e ,   t h e   g r e a t   g e n e r a l i t y   a f f o r d e d  by t h e  
IPAD approach may r e su l t   i n   pe r fo rmance   deg rada t ion   unaccep tab le   i n   t he  
Lockheed system.  For   these  reasons,   the   progress  of t h e  IPAD Program i s  
be ing   c lose ly   mon i to red   t o   a s su re   t ha t   t he   fu tu re  Lockheed e f f o r t s  are 
commensurate wi th   t ak ing  maximum advantage  of  any IPAD output .   P lans  are 
t o  par t ic ipa te  i n  any IPAD u s e r   t r a i n i n g ,   t e s t i n g ,  and eva lua t ion   o f f e red  
by t h e  IPAD Program.  Coordination w i l l  continue  with  computer  equipment/ 
sof tware   vendors   to   p roper ly   p lan   fu ture   needs .  
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The implementat ion  of   an  integrated  design  process  a t  Lockheed w i l l  
be  an  incremental   development of c a p a b i l i t i e s   o v e r  a per iod  of   years .  
The development  plan w i l l  be   phased   to   p rogress ive ly   bu i ld   the   des i red  
c a p a b i l i t i e s   c o n s i s t e n t   w i t h   t h e   a v a i l a b i l i t y  of IPAD software.   Since 
t h e   d a t a   b a s e  management system is  t h e   h e a r t  of an   i n t eg ra t ed   des ign   p ro -  
cess, t h e   p r i m a r y   e f f o r t s  w i l l  b e   i n   t h i s  area s t a r t i n g   w i t h   t h e   d e v e l o p -  
ment of a d a t a   f i l e  management capabi l i ty   which  w i l l  be   des igned   to   be  
compa t ib l e   w i th   an   even tua l   evo lu t ion   i n to  a more s o p h i s t i c a t e d  IPAD-type 
d a t a   b a s e  management system. An o p e r a t i o n a l   c a p a b i l i t y  is expected bv 
1983.  Further  development  of  an  integrated  program  and  conversion  of  TPE's 
w i l l  p rov ide   an   ope ra t iona l   p ro j ec t   capab i l i t y  of an   in tegra ted   sys tem by 
mid-1985. 

SUMMARY OBSERVATIONS 

Signi f icant   improvements   in   des ign   product iv i ty   can   be   rea l ized   wi th  
t h e  more e f f i c i e n t  methods  and  operations  offered by an   i n t eg ra t ed   des ign  
process .   This   improved   product iv i ty   can   be   mani fes ted   in  a number of 
d i f f e r e n t  ways. The most  important is  t h e   r e d u c t i o n   i n   d e s i g n   e r r o r s .  
R e d u c t i o n s   i n   t h e   d e s i g n  t i m e  span   a l lows  more i t e r a t i o n s   f o r   d e s i g n  re- 
f inement   wi th in   an   a l loca ted  time per iod .  The engineer  is r e l i e v e d  of 
mundane tasks   p rovid ing  more time f o r   c r e a t i v e  work.  Another s i g n i f i c a n t  
advantage i s  tha t   everyone   uses   the  same curren t   da ta   base .   Also ,   the  
appropr ia te ly   p lanned   and   des igned   in tegra ted   des ign   process   p rovides   the  
foundat ion  for   support ing  computer-aided  manufactur ing  operat ions.  
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Figure 2.- Des ign   process   ac t iv i ty   l eve ls .  
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INTEGRATED  CAD/CAM: 

PROBLEMS,  PROGNOSIS, AND ROLE OF IPAD 

Dr.  Edwin  N.  Nilson 
Pratt & Whitney  Aircraft  Group 

SUMMARY 

Major  technology  problems  impede  the  development  and  evolution  of  totally 
integrated  interactive  CAD/CAM  systems.  IPAD  is  playing  an  important  role in 
the  identification  of  these  problems  and  is  contributing  significantly  to  their 
solution.  It  is  the  purpose of this  presentation  to  examine  some  of  these 
issues, look at  the  prognosis  of  obtaining  effective  solutions,  and  point  up 
some  of  the  past  and  expected  contributions  of  IPAD  to  this  technology. 

INTRODUCTION 

The  acronym  CAD/CAM  for  Computer-Aided  Design/Computer-Aided  Manufacture 
means  many  different  things  to  different  people.  For  some  it  covers  the  total 
application of computing  to  design  and  manufacturing  and  others  it  means 
something  of  much  more  recent  vintage  and  in  particular  is  associated  somehow 
with  interactive  computing.  Without  attempting  to  resolve  this  debate,  we  use 
the  term  Integrated  Interactive  CAD/CAM  to  denote a  special  form  of  computing 
process  in  support  of  design  and  manufacturing  in  which: 

(1) the  description  of a part  and  its  properties  are  built  up  step-by- 
step  in a  common  data  base. 

(2) this  data  is  accessed  and/or  contributed  to  by  all  groups  in 
Engineering  and  Manufacturing  who  are  directly  concerned  with  the  design, 
manufacture,  and  quality  assurance  of  the  part. 

( 3 )  the  process  is  continuous,  beginning  in  Design  and  extending  through 
Manufacturing  and  Quality  Control. 

( 4 )  the  fundamental  mode  of  computing  is  interactive. 

There  is  implicitly  contafned  here  the  suggestion  that  such  a  system  for 
the  present  deals  only  with  technical  computing  in  design  and  manufacturing 
as opposed  to  management  and  other  supporting  information  systems,  This 
connotation is intentional.  Certaln  auxiliary  information  systems  are  usually 
required  and  are  consi'dered  to be  included;  but  it  is  strategically 
advantageous  to  establrsh  first  the  level  of  integration  indicated  before  the 
move is made  to  integrate  the  total  computing  effort--marketing,  financial, 
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work  scheduling,  inventory  control,  product  support,  as  well  as  engineering 
and  manufacturing  technical  computing. 

FUNCTIONAL  DESCRIPTION OF 1.1.  CAD/CAM 

In  such a  system,  the  integrated  data  base  in a host  computer  or in  a 
network  of  computers  serves  as  the  basis  of  communication.  The  schematic  in 
Figure 1 represents  the  relation  to  users  of  such a shared  data  base, 
indicated  by  the  long  horizontal  bar.  Active  portions  of  this  data  base  are 
kept  on-line  and  available  for  interaction  by  groups  in  both  design  and 
manufacturing. 

By  proceeding  from  preliminary  design  through  mechanical  design,  design 
analysis  and  drafting,  geometric  descriptions  of  parts  and  their  properties 
as  well  as  those  of  subassemblies  and  assemblies  of  components  are  gradually 
developed  in  the  common  data  base.  Those  elements  of  data  required  by 
Manufacturing  from  Engineering  are  available  in  the  data  base  to  manufacturing 
groups  involved:  process  planning,  tool  designlmake,  numerical  control  (N/C) 
programming.  These  groups,  however,  not  only  interact  with  the  design  data 
in  the  data  base,  but  build  up  their  own  data  there  for  their own use  and  for 
communication  among  themselves.  Automated  inspection  compares  measured 
dimensions  against  design  data  and  reports  deviations  therefrom. 

It  is  in  this  way  that  the  common  data  base  becomes  the  fundamental 
medium  for  communication  of  technical  information  within  and  among  design  and 
manufacturing  engineering  groups  as  well  as  providing  the  working  space  for 
interactive  computing. 

The  drafting  process  indicated  will  evolve  over  time.  Initially,  the 
drafting  operation  will  continue to  produce  drawings  with  dimensioning  and 
tolerances  using  information  previously  introduced  into  the  data base, 
adhering  to  this  traditional  design-manufacturing  communication  for  much of 
design.  Ultimately  this  communication  will  be  implemented  essentially  via 
the  design  data  base.  The  role of drafting  will  change,  possibly  always 
completing  dimensioning  and  adding  tolerances,  but  now  to  input  these  into 
the  computer  instead  of  producing  drawings  per  se.  In  the  interim,  drafting 
will  probably  continue  to  operate  in  both  modes:  inputting  into  the  computer 
so that  the  part  or  object  can  be  inspected  by  three-dimensional  graphics, 
for  example,  and  producing  the  conventional  drawing  as  well. 

The  schematic  in  Figure 2 represents  the  interactive  aspect  of  the 
operation.  The  user  selects  the  appropriate  deck  or  system  to be used  from 
the  library  of  application  programs  (modules).  Appropriate  input  will  be 
called  in  from  the  data base, processed  by  the  deck  or  program,  the  results 
displayed  on a scope  for  the  engineer’s  decision  and  subsequent  action,  and 
the  final  results  stored  back  in  the  data  base  as  required. 

Other  important  elements  appear  here.  In  addition  to  the  integrated 
data  base  and  interactive  interface  with  the  user  just  described,  integrated 
interactive  CAD/CAM  requires a computer  executive  structure  by  means  of  which 
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such a  user  interface,  the  data  base  interface,  and  fndeed  the  integration  of 
the  entire  structure  can be effected. It is particularly  important  that  the 
user  interface  be  "friendly"',  that  the  computer  command  structure  be 
convenient  and  easy  to use, and  that  the  response  of  the  computing  system be 
very  fast. 

There  is  one  additional  facility  implied in the  schematic.  This  is  the 
library of interactive  computing  programs  and  modules  available.  These 
conslst  not only of  specific  applications  programs  employed  in  the  design/ 
manufacturfng  process  but  general  facilities  as  well.  Thus  it  might  include 
finite  element  systems  with  preprocessors  and  post-processors  for  design,  and 
N/C graphics  programming  modules  and  machine  post-processors  for  manufacturing. 
It will  include,  as  well,  geometric  modeling  and  graphics  capabilities, 
systems  to  permit  interactive  drafting,  for  example,  or  sketching  by  the 
designer,  or  the  modeling  of a machining  process  by a process  planner. It will 
include  conventional  N/C  programming  tools  and  post-processors  for  these. 

TECHNOLOGY  SUPPORT  FOR  INTEGRATED  INTERACTIVE  CAD/CAM 

There  is a great  deal  of  perplexity  as to what  is  required  to  build  an 
integrated  interactive  CAD/CAM  (1.1.  CAD/CAM)  system  and  how  to  go  about 
this.  This  issue  is  further  complicated  by  the  rapid  proliferation  of 
turnkey  interactive  graphics  drafting  systems  like  ComputerVision,  Applicon, 
Gerber,  CALMA,  etc.,  many  of  which  are  purchased  under  the  impression  that  they 
constitute,  or  form  the  basis for,  an integrated  CAD/CAM  system. 

These  mini-computer-based  IGDS'S  (Interactive  Graphics  Drafting  Systems) 
are  moving  into a vacuum  created  by  the  lack  of  1.1.  CAD/CAM  structural  plans 
and  technical  requirements  in  addition  to  the  dearth of suitable  computer 
operation  systems,  data  base  management  systems  (DBMS's),  geometric  modeling 
systems. 

During  the  late 1 9 6 0 ' s  and  early 1 9 7 0 ' s ,  guidance  and  support  by  the 
large  computer  vendors  for  integrated  interactive  CAD/CAM  have  been  conspicuous 
in  their  absence,  and  interested  customers  for  the  most  part  have  not  known 
which  way  to  turn.  It was to  provide  the  missing  technology  and  structure 
that  NASA  introduced  IPAD  in  the  middle 1 9 7 0 ' s  and  the  NASA/Boeing  IPAD  project 
was  initiated  in  early 1976 .  

We would  like  to  examine some of  the  specifics  of  this  picture,  to 
indicate  what we see  as  the  major  technology  problems  remaining,  to  comment 
upon  the  prospects  for  their  solution,  and  in  this  framework  to  point  up  what 
we  see  as  IPAD  contributions  to  date  and  to  be  expected  in  the  near  future. 
We  shall  consider  three  problem  areas  which  admittedly  may  be  neither  mutually 
exclusive  nor  complete:  computer  technology  problems,  design  and  manufacturing 
engineering  technology  problems,  design/manufacturing  technical  communication 
problems. 



COMPUTER  TECHNOLOGY 

We  consider  here  in  particular  computer  operating  systems,  graphics,  data 
base mamgement systems,  distributed  processing,  integration  of  IGDS's. 

At the  outset we point to a major  IPAD  contribution.  Note  that  an  early 
IPAD  objective  was a kind  of  "super  operating  system"  for  CDC  and  IBM . 

computers  which  would  permit  the  construction  of  an  integrated  interactive 
CAD/CAM  system  by  the  user. In this  connection,  the  Boeing  IPAD  team 
systematically  and  thoroughly  assembled a set  of  basic  requirements--an 
essential  step  but  one  which  had  never  previously  been  done. 

The  only  computer  operating  system  which  came  close  to  meeting  require- 
ments  for  1.1.  CAD/CAM was  an IBM  system,  VM/CMS,  which  had  relatively  little 
support  within  IBM  itself,  and  found  its  principal  proponents,  other  than  one 
or  two U.S. aerospace  companies,  located in Western  Europe.  This  system  is 
excellent  with  respect  to  simplicity  of use and  "friendliness"  for  the 
engineer-user,  time  sharing,  virtual  memory  providing  each  user  with  the 
equivalent  of a large  computer,  communication  between  users,  and a data  base 
capability  certainly  adequate  for  starters.  While  other  systems  had  many, 
if  not  all,  of  these  capabilities  nominally,  the  "feelt1  of  these  systems  was 
not  right  for 1.1. CAD/CAM. 

__ Now  the  outlook  is  decidedly  more  promising.  Spurred on in  part  by  IPAD's 
findings,  Control  Data,  Digital  Equipment,  UNIVAC,  and  others  are  improving 
their  time-sharing  operating  systems  to  the  point  where  they  will  probably  be 
competitive.  IBM,  moreover,  has  decided  not  to  abandon  VM/CMS  and  is  giving 
it a fundamental  role  in  its  approach  to  distributed  processing. 

Graphics  technology  is  moving  ahead  rapidly  and  appears  not  to  impede 
the  development  of  integrated  CAD/CAM,  at  least  in  respect  to  hardware.  The 
increasing  use  of  microcomputers to provide  "intelligent"  scope  terminals  is 
beginning t o  reduce  the  burden  upon  the  host  computer.  Color  graphics  are 
becoming  more  common. 

Three-dimensional  graphics  subsystems,  supported  by  mini-computers,  have 
been  available  for  some  time  with  which  continuous  translation,  rotation, 
and  zooming  in 3D  space  can  be  smoothly  carried  out.  These  have  applications 
in  providing a 3D  viewing  of a design  and in permitting  inspection  of  NC 
(Numerical  Control)  cutter  paths  in  3D,  as well  as  in  many  other  areas. 

Graphics  software  for  the  user  lacks  standardization,  but  this  fact  is 
more a nuisance  than a technological  block  to  1.1.  CAD/CAM.  There  is a group, 
under  the  auspices  of  the  National  Bureau  of  Standards  and  the  Air  Force  ICAM 
program,  working on this  problem:  IGES  (Initial  Graphics  Exchange  Specifica- 
tion).  There is  a long  way  still  to go, however. 

(There  is a potential  health  problem  developing  associated  with  the  use 
of  interactive  graphics  and  cathode-ray  displays  generally,  the  long-term 
impact  upon  1.1.  CAD/CAM  of  which  remains  to  be  evaluated.  Some  people  who  are 



exposed  for long periods  of  time  to  this  type  of  radiation  seem  to  be 
developing  cataracts.) 

The  need  for  an  effective  data  base  management  system  (DBMS)  for 
scientificlengineering  computing  is a major  technology  obstacle.  Existing 
systems  have  been  designed  to hanEe data  bases  for  information  systems  rather 
than  designlmanufacturing  engineering  technical  systems.  Here  the  data, 
especially  geometric data, is  heavily  hierarchical  in  nature, a characteristic 
not  effectively  accommodated  by  earlier  systems.  We  have  set  forth  elsewhere 
(Reference 1) both  design  and  manufacturing  requirements  of a  DBMS for 
engineering  technical  data  as  they  are  perceived  at  this  time.  Both  ANSI 
(American  National  Standards  Institute)  and  CODASYL  (Committee on  Data  Systems 
Languages)  have  come  to  grips  with  the  problems  of  establishing  specifications 
for  such  a  DBMS. 

Here,  with  the  DBMS,  IPAD  is  currently  making a major  thrust,  concen- 
trating  much  of  its  effort  upon a relational-type  data  structure,  not  too 
dissimilar,  perhaps,  from  the  IBM's  System R which  is  still  in  the  development 
stage. 

ITAB,  the  Industry  Technical  Advisory  Board  of  IPAD,  took  the  initiative 
in 1979 of  establishing  with  the  Air  Force a joint  IPAD/ICAM  workshop  to 
consider  DBMS  requirements,  problems,  solution.  This  workshop  was  held  in 
Dallas  on  April 2 4 ,  25, 1979, in a series  providing  continued  communication 
on  this  critical  subject.  (See  ref. 2.) 

IPAD  is  also  currently  concerned  with  distributed  processing  and  high- 
speed  networking.  Distributed  processing  will  impose  additional  requirements 
upon  both  computer  operating  systems  and  DBMS's.  Local  data  bases  may well be 
established  at  computing  nodes  in a network,  and  the  user--engineer  or 
programmer--must  not  have  to  worry  about  the  location of particular  blocks of 
data.  In a related requirement, a user  with a terminal  into  one  computing 
node  should  be  able  to  use a computing  system  in  another  node  and  be  free  as 
to  the  disposition  of  results. 

Distributed  processing  technology  presents  no  serious  obstacle  to  the 
implementation  of  1.1.  CAD/CAM  at  its  present  stage  of  development,  and  seems 
to be moving  steadily  ahead  with  computer  vendors.  Total  integration  of 
equipment  of  several  vendors,  however,  will  present  problems. 

There  is a situation  which  appears  to  be  developing  into a major  obstacle 
to  integrated  interactive  CAD/CAM.  This  arises  out  of  the  proliferation  of 
mini-computer-based  interactive  systems,  including  interactive  graphics 
drafting  systems  (IGDS's).  IGDS'S  designed  and  marketed  by  ComputerVision, . 

Applicon,  Gerber,  CALMA,  and  others  are  intended  to  capture  the  lead  time  and 
labor  reduction  advantages  at  the  designlmanufacturing  interface.  They  offer 
an interactive  drafting  capability  with a certain  NC  programming  capability: . 
in  addition,  there  is  usually  some  structural  analysis  possible. 

These  systems  are  frequently  advertised  as  providing  the  basis  for an 
integrated  interactive  CAD/CAM  system,  and  many  companies  are  introducing  them 

251 



." . - . . . .. . . " . .. - - 

f o r   t h i s   r e a s o n .   N e t w o r k s   g e n e r a l l y  exist  f o r   c o n n e c t i n g  several o f   t h e s e  
toge ther ,   and   the   min i -computers  seem g r a d u a l l y   t o   b e   g r o w i n g   i n t o  maxi- 
computers.  The CAD/CAM t echno logy   wh ich   t hey   o f f e r  i s  d e v e l o p i n g   f a i r l y  
r a p i d l y .  

They have some s e r i o u s   d i s a d v a n t a g e s .  A s  t u rnkey   sys t ems ,   t hey  are 
d i f f i c u l t   t o   a d a p t   t o ,   o r   c o n f o r m   t o ,   a n   e x i s t i n g   d e s i g d m a n u f a c t u r i n g  
e n g i n e e r i n g   p h i l o s o p h y .  They are g e n e r a l l y   i n f l e x i b l e ,   a n d   t h e   v e n d o r   k e e p s  
t i g h t   h o l d   u p o n   t h e   s o f t w a r e .  I t  i s  n o t   f e a s i b l e   t o   t r y   t o   b u i l d   i n t o   s u c h  
s y s t e m s   a d d i t i o n a l   a s p e c t s  of t h e   d e s i g n   f u n c t i o n   w h i c h  are e s s e n t i a l   t o   t h e  
d e s i g n   p r o c e s s .   F u r t h e r ,   t h e y  w i l l  n o t   f i t   s i m p l y   i n t o   t h e   d i s t r i b u t e d  
p rocess ing   sys t ems   wh ich   t he   l a rge   compute r   vendors  are d e v e l o p i n g   f o r  
t h e m s e l v e s   a l t h o u g h   t h e y   a p p e a r   t o   b e   o n   t h e   t h r e s h o l d   o f   m o v i n g   i n t o   t h e i r  
own d i s t r i b u t i n g   p r o c e s s i n g  mode. 

Companies wi th   l a rge   numbers   o f  IGDS ' s  a n d   o t h e r   s y s t e m s   c u r r e n t l y   f a c e  
t h e   p r o b l e m   o f   i n t e g r a t i n g   t h e s e   s y s t e m s .   I n t e g r a t i o n   o f   c o m p u t i n g   f a c i l i t i e s ,  
d a t a   b a s e s ,   a n d   o t h e r   f u n c t i o n s  i s  a v e r y   f o r m i d a b l e   t a s k .  On t h e   o t h e r   h a n d ,  
t h e  IGDS i s  i n  many s i t u a t i o n s   t h e   a n s w e r   t o   i n t e r a c t i v e  CAD/CAM f o r   t h e  small 
manufac turer .  

DESIGN/MANUFACTURING ENGINEERING TECHNOLOGY 

Here t h e r e  a re  s e v e r a l   p r o b l e m  areas, f o r   t h e   m o s t   p a r t   r e l a t e d   t o   t h e  
func t ion   and   needs  of the   p rocess   p lanner .   Computer -a ided   process   p lanning  
i s  i n  i t s  i n f a n c y   w i t h   m a j o r   o b s t a c l e s   a h e a d .  Many o f   t h e s e  are  a s s o c i a t e d  
w i t h   g r o u p   t e c h n o l o g y ,   o r   p a r t s   c l a s s i f i c a t i o n ,   a n d   t h e  l a t t e r ,  i n d e e d ,   i n  
i t s e l f ,   r e p r e s e n t s   a n   e n g i n e e r i n g   t e c h n o l o g y   p r o b l e m .  

Advanced N C  p rogramming   t echn iques ,   e spec ia l ly  NC g r a p h i c s ,   a r e   a l r e a d y  
i n   e x t e n s i v e   u s e   a n d   h a v e  a d rama t i c   e f f ec t   on   r educ ing   l ead - t ime- to -  
p r o d u c t i o n   i n  NC. T h e s e   a l s o   h a v e   a n   i m p o r t a n t   r e l a t i o n   t o   c o m p u t e r - a i d e d  
p rocess   p l ann ing .  

A t  t h e   c o r e   o f   m o s t ,   i f   n o t  a l l ,  o f   these   p roblem areas is  the   t echno logy  
of   geometr ic   model ing  which i s  n o t   o n l y   i n   n e e d   o f   s t a n d a r d i z a t i o n  a t  i t s  
c u r r e n t  level  of   development   but  w i l l  r e q u i r e  a m a j o r   b r e a k t h r o u g h   b e f o r e   t r u l y  
n a t u r a l   a n d   e f f e c t i v e   t o o l s  are  a v a i l a b l e   t o   t h e   p r o c e s s   p l a n n e r .  We 
c o n s i d e r   t h e s e   p r o b e l m s   i n  reverse o r d e r .  

There are  two major  problems in   geomet r i c   mode l ing ,   one   sho r t - t e rm  and  
one  long-term. 

The short- term  problem i s  t h e   n e e d   f o r   g o o d   g e o m e t r i c   m o d e l i n g / i n t e r a c t i v e  
d r a f t i n g   s y s t e m s   f o r   l a r g e - s c a l e   c o m p u t e r s .   W i t h  a f e w   e x c e p t i o n s ,   l i k e   t h e  
Lockheed's CADAM sys tem  cur ren t ly   marke ted   by  IBM and  the  McDonnell   Douglas 
CADD system as  d i s t r i b u t e d  by  McDonnell   Automation,  there is a d e a r t h  of such 
s y s t e m s   f o r   l a r g e   c o m p u t e r s .   T h e r e  are a few  encouraging   s igns .   Cont ro l  Data 
Corp. ,   Digi ta l   Equipment   Corp. ,   and UNIVAC are making s i g n i f i c a n t   e f f o r t s   t o  
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to  adapt  Hanratti's AD2000 system  to  thefr  computers, IPAD is  following  a 
similar  path.  Tmprovements in CADAM may  be  forthcoming  from  Lockheed,  and 
there  are  some  signals  that IBM may be working  on  such  a  system. 

The  availability of such  systems  would  open  up  new  alternatives  to  users 
who  have  been  more  or  less  restricted  heretofore  to  mini-computer-based 
systems. 

fi 
ti 

The  major  long-term  problem is solid  geometry  modeling.  The  central 
.gure  is  the  process  planner  who  requires  a  clear  and  unambiguous  communica- 
.on  from  engineering  design,  and who needs an effective  means of describing 

the  changing  configuration of a  block  of  metal  as  the  machining  process 
progresses.  The  conventional  orthographic  and  isometric  projections  fall 
seriously  short of the  mark. 

We begin  to  see  something  of  the  nature  of  the  change  which will  appear 
in  what  Voelker  of  University  of  Rochester  has  developed  with  PADL  (Part  and 
Assembly  Description  Language)  or  Fuchs'  work  at  Technische  Hochschule  Aachen. 
Here  a  solid  is  described  and  a  machining  process  spelled  out  by  the  addition 
and  subtraction of a  relatively  small  number  of  "primitive"  solid  shapes: 
rectangular  parallelepipeds,  wedges,  circular  cylinders,  cones,  etc.,  which 
are  added  and/or  subtracted  to  form  the  desired  part  shape.  Drilling a  hole, 
for  example,  is  equivalent  to  subtracting  a  circular  cylinder. 

Other  organizations  in  East  Germany,  Hungary,  and  Japan  have  developed 
similar  sys.tems. Two conclusions  can  immediately  be  drawn: (a) PADL-type 
3D geometric  modeling is not  the  final  answer--a  continuous  deformation  of  a 
PADL  shape 2s  usually  outside  the  system; (b) even  where  PADL-type  languages 
are  effective,  either  the  designer  must  be  coerced  to  change  his  way of life, 
o r  there  must  be  provided  sophisticated  translation  procedures  to  bridge  the 
gap  between  designer  and  process  planner.  (See  ref. 3 . )  

A  wholly  different  approach  is  that of the  American  National  Standards 
Institute  Committee  Y.14.26  wherein  an  arc  is  swept  out  by  the  continuous 
movement  of a point,  a  surface  by  the  movement  of  an  arc,  and  a  solid  by  the 
movement  of a surface.  Any  effective  approach  to  solid  geometric  modeling 
will  transcend  both  of  these  approaches. 

Interactive  Process  Planning  is  dependent  for  its  development  upon  all 
of  the  other  technologies:  group  technology,  NC  graphics,  geometric  modeling. 
A parts  classification  system  which  groups  parts  with  similar  process  plans  is 
essential  to  the  retrieval,  and  subsequent  modification  or  refinement  of  such 
a plan.  For  the  special  case of parts  with  rotational  symmetry,  interactive 
process  planning  is  very much  simplified  (the  cross-section  profile  is 2D): 
thus,  both  G.E.  and  P&WA  have  systems  which  are  about  ready  to  go in this 
area--G.E. has  its  Rotating  Parts  Operation (RPO), P&WA  has  its  Computer- 
Monitored  Process  Planning  (CMPP). 

NC  Graphics,  viewed  by  many  companies as the  route  to  shorter  lead-time- 
to-production  and  higher  NC  machine  tool  utilization  through  reduced  number  of 
tape  tryouts,  for  example,  provide  the  process  planner  with an interactive 
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means to  choosing  cutter  paths  and  other  machining  characteristics.  Although 
subject  to  the  llmitations  imposed by conventional  geometric  modeling, NC 
Graphics  will  go  far  toward  advancing  the  state  of  the  art in process  planning. 
In  2D  (i-e.,  2-axis  machining  or  turned  parts),  the  geometry  represents  no 
block. 

In  those  areas of machining-in which  a PADL-type  language  is  applicable, 
significant  savings in lead-time-to-production  are  realized.  There  are 
obvious  problems,  however,  in  having  two  such  radically  different  geometric 
modeling  systems  existing  side  by  side in  a manufacturing  business. 

Group  technology  has  its  application  to  design,  where  it  has  important 
uses  in  the  classification  and  retrieval  of  drawings  or  design  processes.  In 
manufacturing,  its  applications  range  from  the  classification  and  retrieval of 
machining/fabrication  processes  which  are  part-oriented  to  the  classification 
and  retrieval  of  tools  and  fixtures in  fabrication  and  assembly  which  may 
require  classification on the  basis  of  function  as  well  as  part. 

Fundamental  conflicts  arise  between  requirements  of  design  and  those of 
manufacturing.  Design's  classification  based upon  geometric  configuration  and 
Manufacturing  Engin.eering's  use  based  upon  machining/fabrication  process  do 
not  coincide.  For  turned  parts--parts  with  rotational  symmetry--these 
conflicts  are  a  minimum. 

For  aircraft  engines,  there  is  a  natural  parts  classification  based  upon 
location  of  the  part  in  the  engine: we employ an "Engine  Area  Code"  specifying 
the  component,  subcomponent,  in  which  a  part  is  located,  down  to  the  individual 
part. 

DESIGN/MANUFACTURING  TECHNICAL  COMMUNICATION 

In integrated  interactive  CAD/CAM  technology,  the  shared  data  base 
provides  the  means of communication  within  and  between  groups in design  and 
manufacturing  as  well  as  between  design  and  manufacturing.  The  description  of 
a part  is  developed in design  in  the  data  base,  and  those  elements  of  data  to 
be transmitted  to  manufacturing  are  "signed  off"  or  "released"  in  the 
computer.  Manufacturing  does  its  process  planning,  tool  design,  NC 
programming,  etc.,  interactively  against  this  data  using  the  geometric 
algorithms  already  employed  in  design.  Quality  Assurance,  using  computerized 
inspection,  interacts  with  the  design  data  base  to  determine  deviation  from 
design  specifications. 

In  a  more  highly  developed  stage  of  integrated  interactive  CAD/CAM, 
manufacturing,  can,  by  accessing  the  design  data  base  early on the  viewing a 
part on a  scope,  evaluate  such  issues  as  cost  and  problems  of  macufacture 
before a  design  becomes  finalized.  In  a  related  fashion,  the  designer  can  have 
access to machinability,  machining  processes,  tooling  requirements  when  he 
faces  design  alternatives. 
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We  have  alluded  earller  to  the  limitations  imposed  upon  design-manufac- 
turing  communlcation tiy the  conventional  use  of  geometry in describing  a  part. 
The  three  dimensfonal  concept in the  mind  of  the  designer  is  reduced  to  the 
traditional  set  of  orthographic  and  isometric  projections--two  dimensional-- 
which  require  the  process  planner  to  reconstitute  that  3D  concept  in  his own 
mind. It may  occur,  indeed,  that  this  representation  is  not  unambiguous. 

This  deficiency  of  the  traditional  drawing  is  actually  accentuated  on  the 
scope  face,  unless  the  picture  is  very  large,  for it is  difficult  to  display 
simultaneously  the  three  orthographic  and  one  isometric  projections  which  on 
a  large  drawing  do  serve  to  convey  special  relationships  with  some  degree  of 
effectiveness.  3D  graphics  would  help  alleviate  this  problem;  .otherwise,  some 
of  the  gafn  to be  realized  in  interactive N/C programming  is  lost. 

Mini-computer-based  IGDS  systems  have  some  temporary  advantages  over  large 
scale  integrated  interactive  systems  in  respect  to  design/manufacturing 
communication  arising  out of the  interactive  drafting  facility  itself,  which 
should  be  offset  to some extent  in  the  near  future  by  effective  geometric 
modelingldrafting  software  for  large-scale  computers. 

One  aspect  of  designlmanufacturing  communication  calling  for a  fresh  new 
approach  in  view  of  the  computerization  of  the  designldrafting  process  is  the 
handling  of  dimensions  and  tolerances.  At  Pratt & Whitney  Aircraft  we  find 
ourselves  confronted  by a  variety  of  tolerancing  problems  arising  out  of  the 
transfer  from  our  tradltlonal  unbounded  geometry  to  the  bounded  geometry  of 
the  IGDS.  Beyond  these,  however,  in  consideration  of  the  computing  facilities 
now  avallable,  an  effectlve  mathematics of tolerances  is  needed  to  replace  the 
tolerance  manipulation  from  gage  point to gage  point  which  the  process  planner 
or  tool  designer  finds  necessary. 

The  IPAD  project,  concerned  initially  with  the  requirements  of  integrated 
interactive  computer-aided  design  and  with  not  much  more  than  a  glance  at 
manufacturing  requirements,  has  turned  to  consider  CAM  seriously,  for  the 
software  under  development  is  as  applicable  to CAM as  it  is  to  CAD.  IPAD  is 
currently  planning  to  set up, in  collaboration  with  ICAM,  through  the  COCAM 
board,  a  joint  ITABICOCAM  workshop  on  Problems  of EngineeringIManufacturing 
Communication  for  late 1980 or early  1981.  This  should  go far  as  a first  step 
to  establish  the  present  status of this  aspect  of  CAD/CAM  together  with  the 
various  routes  along  which  the  technology  is  developing. 

We  should  like  to  close  this  discussion  with  some  remarks  about  the 
difficulties  of  establishing an integrated  system  apart  from  the  obstacles 
imposed  by  these  technology  problems. 

There  are  presently  available  sufficiently  effective  hardware  and  software 
to  carry an integrated  interactive CAD/CAM system  a  considerable  distance,  and 
the  technology  gaps  cited  above  are  not  severe  enough  to  block  the  development 
of a fairly  effective  system.  There  are,  however,  other  resources  which  are 
essential  to  such a  development. 

(a) a top-rate  computer  systems  staff. 
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($1 a t o p - r a t e   a p p l k a t i o n s  programming s t a f f .  

(.c) e n g t n e e r s   w i t h   v i s i o n  and perspec t ive   in   bo th   des ign   and   manufac tur ing  
engineer ing .  

(d) management suppor t .  

( e )  a c a t a l y s t   ( a n   i n d i v i d u a l   o r  small team)  which w i l l  g e t   t h e   p r o c e s s  
g o h g  a n d   c o n t f n u e   t o   s u s t a i n  i t .  

We would n o t e   a l s o   t h e   n e e d  f o r  guidance   on   the   par t  of a company seeking  
t o   e s t a b l l s h   a n   i n t e g r a t e d   f n t e r a c t i v e  CAD/CAM system.  For many of t hose  
companies  represented on ITAB o r   s e a t e d  as obse rve r s  a t  I T A B  meet ings,   the  
concept   has  become s t e a d i l y   c l e a r e r   o v e r   t h e  p a s t  fou r   yea r s .   Because   t h i s  
technology is s t i l l  young,  there are ve ry  f e w  o r g a n i z a t i o n s   i n  a p o s i t i o n   t o  
adv i se  and  provide  gufdance. Some companies l i k e  A. D.  L i t t l e ,  Inc . ,  are 
a t t e m p t i n g   t o  do t h i s ,  and  perhaps  the  computer  vendors o r  sof tware  houses  w i l l  
s t e p   u p  t o  th i s   p rob lem of ass is t ing  with  such  guidance  and  leadership--when 
they   have   fu l ly   accepted   the   concept   themselves .  
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SUMMARY 

Nearly a  decade ago, Rockwell  International’s  (Rockwell)  North  American 
Aircraft  Division (NAAD) established a long-range  development  plan  for  inte- 
grating  applicat3ons  software  used  in  the  aircraft  design  process.  These  plans 
have  been  continually  revised  as a  function of  computer  technology  emergence, 
business  environment,  productivity  requirements,  and  competition  in  the 
aerospace  industry. The overall  applications  program  integration  activities 
and  planning  have  relied  upon  the  NASA-Boeing  Integrated  Programs for 
Aerospace-vehicle Design (IPAD) development to produce  the  necessary  software 
for  the  data  base  management  system  and  the  executive  controller. This paper 
contains a  discussion  of  the  relationship of federally  sponsored  computer- 
aided  design/computer-aided  manufacturing  (CAD/CAM)  programs  to  the  aircraft 
life  cycle  design  process, an overview of NAAD’s CAD  development  program, an 
evaluation of the  CAD  design  process,  a  discussion  of  the  current  computing 
environment  within  which NAAD is  developing  its  CAD  system,  some  of  the 
advantagesldisadvantages of  the  NAAD-IPAD  approach,  and  CAD  developments  during 
transition  into  the  IPAD  system. 
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INTRODUCTION 

CAD/CAM Requirements 

United States industry will be faced with a serious productivity  problem 
in the 1980's .  Industrial competitors such as Germany  and Japan are improving 
the  industrial  productivity  output of their manpower by more than 4 percent  per 
year. At the same time, productivity  in  the  United States is declining. The 
aerospace industry  and other industrial concerns already have  been  and will 
continue to be  faced with a situation where competition for skilled  manpower 
will increase. For example, next year 100,000 engineering  positions will be 
competing  for 70,000 graduates from our  engineering  institutions. 

An obvious solution to this  problem  is to increase the  productivity of the 
current work force to provide  lower  product cost, decreased  manpower require- 
ments, and reduced  time in designing, manufacturing, and  testing  of  products. 
The key to improvement is the  intelligent automation of design, manufacturing, 
fabrication, and testing tasks. The technology areas of CAD, CAM, and 
computer-aided  test  (CAT),  and  the  proper tools available to support  these 
technology areas, are central to productivity  improvement.  Although  this 
paper  primarily addresses CAD, the  interaction to CAM and  CAT are critical 
parameters to be  considered  in the overall integrated  automated  efforts. 

It  is appropriate to consider how and where CAD developmental programs  fit 
into the overall acquisition process for major defense systems. Figure 1 dis- 
plays  the  major acquisition milestones and correlates the  related defense system 
development activities, managerial functions,'and relationship that major Govern- 
ment-sponsored  CAD developmental programs have within the overall acquisition 
process.  Note that major defense system acquisition proceeds  in stepwise 
phases and therefore sets the stage for  the  tools development process. The 
proposed  Air  Force ICAD program  is more oriented  toward activities associated 
with  program initiation (DSARC Milestone 0 )  and demonstration and validation 
(DSARC Milestone I) than  is  the  Air  Force's ICAM program.  Both  programs  could 
appropriately be supported by objectives set  forth by NASA's  IPAD  program. In 
addition to these relationships as the major defense system proceeds  through 
its  evolutionary cycle, there also evolves a requirement to involve more and 
more depth of design and analysis. This requirement dictates a need  for 
computer-aided  systems  that  are  responsive to a given design phase that a 
particular  system  is  currently  entering  or moving toward.  Figure 2 presents 
the disciplinary and technical skills associated with an aircraft  system as it 
proceeds  into  each  of  the  design  phases.  Not shown are the numerous functional 
groups that must be  part of the  full-scale development, production, and 
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deployment  activities. Although this  paper  emphasizes  CAD activities, consi- 
deration of design manufacturing interactions is necessary  to  properly  develop 
CAD/CAM systems responsive to the aircraft system acquisition process. 

CAD is considered to be  an integrated  process  embodying  the complete flow 
of computerized data, from conceptual design through  the  completed  engineering 
drawings and  the  equivalent sets of stored data that describe the  product  to 
manufacturing system users. The basic  goal  of  CAD is the development of a 
computerized design process to significantly reduce labor costs, reduce calen- 
dar time, and  to ensure that  the system is viable and ready for production 
application. The ultimate objective is  the  development  of  a  full-scale  and 
totally  integrated CAD system to support the  entire aircraft life cycle design 
process,  including aircraft design, production, deployment, and  operations. 

NAAD Background 

NAAD has been  intimately  involved in  the  development  of  CAD  techniques  for 
the conceptual, preliminary, and detail design of aircraft systems. This 
development activity, initiated in the  early 1970's, was organized to utilize 
existing  analytical  and  newly  developed modules, within a framework of support 
to disciplinary  functions within NAAD. At  the same  time, new developments in 
interactive graphics, distributed computer systems, and analytical procedures 
were  continuously  being  integrated  into the  planned  CAD  activity. This paper 
discusses  NAAD's  plan  for  integrated  aircraft design, its evolutionary  devel- 
opment, and its  relationship to  the NASA IPAD program. 

Tn  the early  1970's,  Rockwell's  computing  technology  had  evolved  from 
computing systems at divisional levels to a  centralized  corporate  computing 
center  concept.  All of  the main frame systems which serviced NAAD were at 
Rockwell's Information System Center, at Seal Beach, California, with various 
Rockwell divisions being  serviced by a  distributed  network.  Other centers 
serviced  divisions in the Midwest, East, and  South.  By  the  mid-l970's, 
advancements in minicomputers and telecommunications made distributed  process- 
ing an attractive approach, with interactive graphic  packages  placed on the 
local processors, communications protocol  established with the main frame 
hosts, and extensive computing allocated to  the main frames. This was the 
computing  environment in which NAAD evolved its CAD plans. 

Application software, to help analyze aircraft designs, had been developed 
or was being  developed  to satisfy the  technical requirements of each functional 
group in aircraft  design. As this software became more sophisticated in 
analytical depth, the size of input  and  output data grew accordingly. Initial 
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efforts to integrate analysis of separate software modules resulted in 
stand-alone preprocessors and  postprocessors to enable data transfer  between 
modules. 

Until the late 1970's, computer costs were regarded  by NAAD management as 
a high-expense  item. However, the  trend of decreasing computer costs, for both 
hardware and  processing units, coupled with increasing engineering rates, had 
become apparent to NAAD management. Accordingly, more emphasis was placed on 
integrating  the entire aircraft design process to improve engineering  produc- 
tivity, reduce design throughput time, and improve quality of designs. 

It was in this environment of computing hardware and software capabilities 
that NAAD made a thorough evaluation of  the increasing complexities, costs, 
and schedules required for aircraft system  design. The aircraft system design 
life cycle which governed  these considerations is shown in figure 3 .  The 
increased use of  technically  oriented  computer programs required  extensive 
manual  processing of data to transfer  data to other programs  during the 
synthesis or analysis of the  design.  Emerging from this study was a  long- 
range plan for the integration of application programs used in the aircraft 
design process. This continually  updated development plan  considered  the  NASA 
IPAD program which originated from the same common requirement to integrate  the 
application programs for  improved  productivity. 

The NAAD CAD  plan  recognized  that  the IPAD development would  produce  a 
data management system and an executive  controller as  well as other  user  func- 
tions. With this in mind, the  approved CAD plan  directed  the  development 
effort  toward  the evaluation and implementation of available CAD modules, where 
possible. In those areas where suitable application programs were lacking, 
NAAD proceeded to develop the  computerized capabilities. These CAD  modules 
were being  integrated  through  a series of preprocessors and  postprocessors 
developed  specifically  for  aircraft  system  design. These preprocessors and 
postprocessors were designed  for  easy modification to the IPAD format so that 
NAAD could utilize the  technical data management system and  executive control 
system  being  developed by  the  NASA-Boeing IPAD team. 

Rockwell was an early  entry into CAD analytical tools for design  of  air- 
craft, space vehicles, and large boosters. In addition to in-house  development 
of these capabilities, Rockwell  has  supported the IPAD  program  through active 
participation  in  the  Industry Technical Advisory  Board (ITAB). Rockwell has 
conducted  a continuous review of  IPAD  technical developments, starting with the 
initial  feasibility studies. Some of the NAAD CAD  planning  effort and study 
activities were found  to  parallel  the  IPAD-conducted studies with similar 
results. The aircraft design life cycle (figure 3)  is  similar to  that identi- 
fied  by  IPAD. Critical problem areas were identified such as data management, 
executive control, and  front-end  geometric data processing, which were also 
similar to IPAD findings. 
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EVALUATION OF THE CAD PROCESS 

A number of major engineering disciplines, as shown in figure 2, are 
involved in the design of aircraft systems. These disciplines include those 
involved in conceptual, preliminary, and detail design activities. Critical to 
all design tasks is the capture of three-dimensional  geometry  and  the  evolu- 
tion of master lines and dimensions for the  vehicle. This task is critical for 
the  configuration design process illustrated in figure 3 and design levels I1 
through  V for the verification of the  selected  configuration. Technical dis- 
ciplines such as configuration development, vehicle synthesis, aerodynamics, 
propulsion, performance and control, etc.  (figure 2), all require computer- 
aided  tools  to  conduct  their design task. 

Many of the available tools were in the  form  of  batch  processed computer 
programs with little, if any, interactive capability. Since the order of 
required design cycles was never known for certain, the easiest approach was 
to handle each  computer  program (module) in  a  somewhat  independent  fashion. 
This led  to  the development  of preprocessors and postprocessors of data to 
enable linkage of  modules. Typical modules are summarized in table I. 

Data  derived  from the preprocessors were listed  in  files in standard 
80-column  format  for  input to the  next  module. Postprocessors data were listed 
in similar  files  except  that various output formats were organized for data 
printout  and  for  batch-type graphics display. During the  1975-78  time frame, 
a significant amount of study was devoted  to  applying data base management 
techniques to handling  these data. A  number of data base management systems 
(DBMS) which were investigated  for  their usefulness included IMS, TOTAL, 
INQUIRE, and ADABAS. Use of the  business-oriented DMBS'S did not  meet  engi- 
neering requirements due to the complex organization  of  the  engineering data, 
the size of  the data base, and  the  inherent limitations of the DBMS.  At the 
same time, command  and control syntax for  a  "friendly"  user interface was 
investigated. These user functions resulted  from requirements of  the  technical 
disciplines, use of  technical modules in some type  of sequence, intermediate 
display of decision data, and network organization of  the design process. 

It became apparent to NAAD investigators that  a new DBMS approach was 
required to provide an ''envelope'' in which to insert the technical modules, 
and  that  this  "envelope" must include executive control syntax, data base 
management, and versatile user functions. IPAD developments during the  latter 
part  of  this  period were being  directed with emphasis on development of IPIP 
(the IPAD information processor), IPEX (the IPAD executive control),  and IPAD 
user functions and  interfaces. NAAD's CAD  plan was then  based upon the success- 
ful development  of  these IPAD capabilities which could  help satisfy NAAD CAD 
system requirements. 
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NAAD established some general goals that were required to remain competi- 
tive in the aircraft industry. During the conceptual design phase, it was 
determined  that NAAD needed to evaluate 1 0  times as many concepts during the 
same allocated  period of time. In the  preliminary design phase, the depth of 
the analysis and definition of design characteristics must be improved for the 
same cost  and schedule constraints. In the  detailed design phase, the  engineer- 
ing cost and schedule must be  reduced to improve productivity. These three 
phases are shown in figure 4 where virtually thousands of concepts must  be 
evaluated during conceptual design. A few configurations are evaluated in some 
depth during preliminary design. During the detail design phase,  a single con- 
figuration is engineered in great  depth  to produce a  product that can be  fabri- 
cated  economically. 

Similar to the  early IPAD tasks, NAAD  delineated  the aircraft design 
process, defined  the system requirements, identified  the softwarelhardware 
needed, and  conducted  evaluations/development  of application programs to sup- 
port  the design process. The Rockwell description of the design process was 
similar to the IPAD definition. Similar to IPAD, Rockwell chose to utilize 
locally installed minicomputer systems in conjunction with its large IBM, CDC, 
and Univac mainframes centrally located  at  the Information Systems Center  in 
Seal Beach. Figure 5 schematically displays the  distributed  computing  system 
network  philosophy currently being employed. 

Since the  NASA-Boeing  IPAD development of the data base  management  system 
and executive controller was underway, NAAD pr-oceeded  to use file management 
techniques  and technical module preprocessors to circumvent the  data base 
management system that was expected to be available from the IPAD  development. 

Results of  the aircraft design process delineation tasks  (figure 4 )  identi- 
fied  a  number  of CAD functions for the design activity levels involving  con- 
ceptual, preliminary, and  detail  design. These functions were identified as 
critical elements in developing the NAAD CAD capability (i.e., design retrieval, 
design, geometric modeling, synthesis/analysis, etc). (See figure 6.) Con- 
centration  of NAAD resources were then  placed  into  the  following  areas: 

(1) Synthesis and analysis 

(a) Vehicle sizing 

(b) Aerodynamics/fluid dynamicslthermodynamics 

(c) Vehicle performance 

(d) Loads/structures/mass properties 
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(2) Geometric modeling 

(a) Configuration development 

(b) Internal/external packaging 

(c) Finite elements 

(d) Wiring schematics 

( 3 )  Design and drafting 

(a) Two-dimensional mechanical design 

(b) Three-dimensional mechanical design 

(c) Orthographic and  isometric  drawing 

This approach, along with developments in computer  technology  and CAD/CAM 
application technology, establishe'd a particular  development  path  for NAAD. 
Tasks requirements were to accomplish the following: 

(1) Defer  expensive development of DBMS techniques to IPAD and 
concentrate  on  using file management  techniques 

(2) Bring  on-line, as soon as possible, specialized interactive graphics 
capability to support configuration development, aerodynamic analysis, vehicle 
lofting, element modeling, and interfaces to structural analysis programs 

(3) Install, test, and implement a two-  and three-dimensional design and 
drafting  capability to interface with the interactive  graphics  capability  and 
key  technical modules 

( 4 )  Apply critical developments, in a timely fashion, to ongoing projects 
to access their  value  in  the CAD environment 

In 1979, CAD development had  evolved  to  the  point where additional plan- 
ning was required to define an approach for  integrating the detail design task 
for structural analysis into the  total  concept.  Over 40 technical modules 
required integration to satisfy the structural design and analysis task. 
These programs  included  the following capabilities: 

(1) Configuration development 

(2) Structural weight estimation 
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Computer-aided lofting 

Flutter optimization 

Vibration and flutter analysis 

Aeroelastic tailoring 

Strength optimization 

Finite-element modeling 

Finite-element analysis 

Fracture analysis 

Externallinternal loads 

Mass modeling 

Stiffness modeling 

Others 

These modules were on dissimilar computers using file management tech- 
niques for data management. The structural plan  increased  the  demand  for 
IPAD-type capability at  the division (i.e., data management, executive control, 
user  functions) . 

COMPUTING ENVIRONMENT 

Rockwell was an  early  entrant  into interactive graphics. However, costly 
computing resources required to drive the refresh terminals tended  to dis- 
courage extended use. The early  CAD/CAM  computing environment is  illustrated 
in  figure 7.  Other companies (namely,  Lockheed  and McDonnell Douglas)  con- 
tinued  the development of CAD software to drive the IBM refresh terminal. The 
major  breakthrough came in  the  early 1970's when low-cost storage terminals 
were introduced. NAAD interactive graphics activity followed close by  the 
storage  tube  technology. 

At the same time, a  number  of vendors were supplying  turnkey  systems 
structured  around minicomputers and storage terminals. The NAAD CAD  plan took 
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advantage of these developments in concepting a hardware plan to support the 
integration of aircraft design technical  modules. Key to this plan were the 
following elements: 

(1) Corporate mainframe computers (IBM, CDC, Univac) 

(2) Front-end processors (turnkey  CAD/CAM system, specialized 
minicomputer) 

(3) Distributed  processing  protocol  (telecommunications, communications 
software) 

The CAD plan initially was structured  around a Sperry Univac minicomputer 
to provide  the  rapid response needed  in conceptual design. During the  ensuing 
development, a second Sperry Univac minicomputer and a six-station  Computer- 
vision  system  for  three-dimensional design was installed. In addition, six 
Tektronix 4014 terminals, one Megatek refresh terminal,  and 18 alphanumeric/ 
raster  scan  graphics  CRT stations were installed. The computers are supported 
by tape drives, disk drives, card readers, printers,  pen plotters, and electro- 
static  printer-plotters. A schematic  of  this  minicomputer is shown in  fig- 
ure 8. Additional  graphic  terminals, Computervision systems, and minicomputers 
are in the planning  process. 

Key to  the  plan was a logical distribution of functions between the dis- 
tributed  node  at NAAD and  the more powerful  computing resources at the cor- 
porate  Computing Center. Limitations included  restricted  storage capability at 
the local site and communications speed  and  accuracy. In order to effect a 
proper balance, the plan  identified interactive graphics as a local responsi- 
bility, with a number of these  tools  placed on IBM-TSO  time-sharing. Where the 
size of  the data bases  permitted local storage, they were compiled on the 
distributed  minicomputer. Otherwise, principal  data bases were allocated to 
storage on the corporate Computing  Center mass storage  facilities. 

The corporate Computing Center, at Seal Beach, is about 40 km (24  mi.) from 
the NAAD facility. The center contains four IBM 370/3033's, two IBM 370/168'~, 
one CDC  CYBER 176, and one Univac 1100-83. These mainframe hosts are supported 
by literally dozens of printers and disk and  tape  drives. IBM's latest mass 
storage device is available to users of the 3033's. Over 200,000 tapes are 
maintained to support various divisions of  the  corporation. 

26 7 

. 



Communications between NAAD and the Center are supported by wide-band 
multiplexers which can provide  dedicated line speeds of  up to 56,000 baud. 
However, most direct access terminals to machine parts are driven at speeds of 
9,600 baud or slower. Rockwell is now working on a  telecommunications network 
which will provide direct satellite communications between computing centers 
and high-speed transmission from the centers to distributed subhosts at  the 
divisions. NAAD is now served by a subhost which provides remote job entry 
access to the Center hosts. 

The NAAD CAD program  provided specific user requirements to  the  planning 
activity for upgrading the  Corporate  Computing  Center. This resulted in an 
expansion of communication controllers for  the IBM and CDC mainframes. The 
program  also  resulted  in  a recognition that interactive graphics computing 
techniques for CAD require a local subhost  for adequate support. 

The major  problem with the distributed computing concept  (figure 5) is in 
allocating data storage. It should be noted that the  distributed network shown 
in figure 5 includes existing facilities (solid  lines)  and  planned expansions 
(dashed  lines). The planned  "analysis" computers will actually be subhosts 
with 32-bit architecture -and fairly  large  random-access storage capability. 
Data bases  required  for  daily activity should reside on these storage devices, 
while security backup to all data bases, program source files, etc, should 
reside on the Center hosts. Local data include those  associated with an 
ongoing project, disciplinary modules, and  drawings. Data bases are classified 
into geometric, numerical, and  textual categories, and again subdivided into 
additional categories associated with projects, disciplines, and individual 
engineers.  IPAD's IPIP is aligned to handle this  type  of data segregation. 

APPROACH 

The current NAAD approach to  the integration of CAD modules has  been  the 
development  of preprocessors and postprocessors  that  reformat  the data from 
one  module to a  format acceptable for the next application program. The data 
have been maintained  through file management, with verbal or written communi- 
cation notifying the subsequent user that  the data are available. These 
specialized preprocessors and  postprocessors are designed to efficiently  pre- 
pare  the  data  needed for specific application programs.  Although  this approach 
may  result in less computer costs, the  availability of  the data is  limited to 
those  specified application programs. However, in the  environment that NAAD 
CAD capabilities were developed, this was the  most appropriate approach. The 
preprocessors and postprocessors  developed for specific scenarios in the air- 
craft design process  may  be readily modified to reformat the data suitable for 
a  generalized data management system  such as IPAD. 
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The NAAD view of IPAD is that it will provide a common and consistent data 
base extending  from conceptual, preliminary, and detail design through  manu- 
facturing. The data would be accessible in various formats by a large number 
of users. This data base may extend  beyond  a  single  project to provide data 
for several ongoing  projects.  NAAD's initial intent is to capture the  advan- 
tages on separate projects. These advantages include improved management con- 
trol of the  engineering data being  used in the  design. It is anticipated  that 
the aircraft systems definition manuals will be reduced  to indexes of data 
stored, thus reducing the manual preparation of  hard-copy manuals and  the 
associated delays in releasing  the data for design. The IPAD executive control- 
ler will allow the  user to request data in English, rather than restrict the 
user to skilled  programmers. The ability to ask for data in general terms 
reduces the probability of error as compared with current methods that require 
specific  data  requests. The IPAD system is expected to have automated  communi- 
cation features available to the data base  administrator for notifying users 
of  the data availability or changes made to the  data. These readily available 
data in  acceptable formats are expected to reduce labor costs and design 
schedule requirements, resulting in improved  engineering  productivity and 
reduced design costs. The IPAD data base is  further  expected  to  interact with 
the CAM system to reduce the design change impact on manufacturing. 

IPAD SYSTEM TRANSITION 

Rockwell  corporate  management views IPAD as a  major  technical  development 
that may be  adapted  to  the needs of  the various divisions of the  corporation. 
With  a  view toward an economical implementation and exploitation of the IPAD 
system and IPAD  released products, NAAD has been  assigned the  lead division 
role, with the Space Systems Group and Information Systems Center the support- 
ing role, in the adaptation of IPAD at  Rockwell.  Several implementation plans 
are  under  consideration. Each plan requires the full cooperation of CAD 
development  engineers  and  computing center systems programmers to successfully 
integrate IPAD into  the design system. 

Initially, IPAD would  be  installed on the  mainframe computer system at the 
central computing  facility. The installation of  IPAD  and  the  testing  and 
verification of  the  delivered capabilities would be accomplished jointly by 
computer systems programers and  IPAD development engineers. 

Secondly, installation  of  IPAD on a  minicomputer  system at the local 
division facilities with network communication to the large mainframe computer 
would  be  accomplished. Testing and verification of  the IPAD distributed  com- 
puter  system capabilities would be accomplished  through close cooperation with 
local system  programmers and  the  centralized  computer  system  programmers. 
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During the final verification tests conducted on both the mainframe IPAD 
system  and  the distributed IPAD system, evaluations will be made of the  capa- 
bilities  and efficiencies of each  configuration. These studies are intended to 
provide information relative to the advantages of each configuration, and where 
possible, to identify regions where technical  and efficiency enhancements may 
be  made. Special considerations should be addressed  to  the unique features of 
the  host computer operating system  that complements the IPAD system. 

Concurrent with these IPAD installation and verification tasks, pre- 
processors and postprocessors  for  proprietary programs and  public domain pro- 
grams  not  included in the IPAD release must be modified or developed. The 
prioritization of these  tasks will vary with each company, depending on their 
current needs. At NAAD, the largest data base is generated  through  the  Struc- 
tural Design and Analysis System (SDAS) by  the multiple technical modules it 
employs. Since Rockwell is  an extensive user of NASTRAN, it is likely that  the 
modification of Rockwell NASTRAN preprocessors and postprocessors would  be 
accomplished  early in the  development  phase. Certainly, the incorporation of 
a  more recent version of AD2000 three-dimensional design and drafting graphics 
into  IPAD  is warranted. The development  of preprocessors and postprocessors 
for  NAAD's configuration geometry  and dimensional control system of programs 
to provide vehicle moldline data is a  high-priority  task. There are other 
technical modules that would subsequently be  integrated into Rockwell's IPAD 
installation. 

Another mode of operation that  may  be  explored is accessing the mainframe 
IPAD  system  via TSO or INTERCOM programs. This approach may be suitable for 
divisions whose facilities do not warrant a  distributed IPAD system. This 
capability  would offer these remote facilities the benefits of  IPAD without 
incurring the capital outlay for a  minicomputer. 

The incorporation of IPAD into  the design system is a  long-term develop- 
ment  effort  that encompasses several planned  phases. An IPAD configuration 
control  board (CCB) is  recommended to assure that IPAD has been tested  and 
verified  after  each  phase  of  development. The CCB  would be comprised  of  repre- 
sentatives of each participating division who could  provide liaison with their 
organization  and assist in the implementation of IPAD throughout the 
corporation. 

As noted, the initial thrust  of IPAD will be  in  the structural design and 
analysis  disciplines. It is expected  that  the aerodynamic technologies  would 
then be  incorporated.  After  the  technical modules are functioning within the 
IPAD system, it would be appropriate to integrate the  project  management 
sys  tems . 

The IPAD level I system is expected  to be released  for  use on the CDC  com- 
puter systems in the  spring  of 1981. It is anticipated  that  this same 
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capability will  be  available  for  the  IBM  computer  systems by  the  end  of 1981. 
Although  the  IPAD  level I releases  are considered  to be  functional  prototypes 
of  the  production  systems  planned  for  the  level I1 and I11 releases, significant 
developments  in  technical  data  management  have  been  completed  and  may  be 
adapted  for  use in the  near  term.  Additional  IPAD  products  which  will  be 
released as the  development  progresses  may  be  integrated  into  the  CAD  system 
in  a  transition  phase. It is expected  that  the  current  CAD  system  may  function 
independent  of  IPAD  or in a mixed  mode  using  the  IPAD  product  capabilities as 
this  transition  progresses. 

Certainly,  the  real  test  of  the  system  is in the  application to a major 
project.  At  Rockwell,  it is anticipated  that  IPAD will  be applied  to  subsets 
of the  project  prior  to  committing  the  system to  the  entire  project.  As  appli- 
cations  for  IPAD  are  extended to  entire  project  designs  and  subsequently  to 
multiple  projects,  the  scope  of  IPAD  must  be  extended to assist  in  productive 
interactions  between  engineering  and  manufacturing. 

It is  with  a  great  deal  of  anticipation  that  Rockwell  addresses  the  imple- 
mentation  of  IPAD  for  technical  data  base  management.  It  is  reasonable  in  the 
near  term  to  have IPAD  operational  on  both  CDC and IBM  computer  systems  as 
stand-alone  mainframe  systems  and  as  distributed  computer  systems  with  locally 
installed  minicomputers  complementing  the  centralized  mainframe  computers. 
These  capabilities  may  be  utilized by  the various  divisions  of  Rockwell 
involved  in  aircraft,  spacecraft,  propulsion,  automative,  telecommunications, 
graphic systems, and  energy  systems. The IPAD  technical  data  management  devel- 
opment  may  be  used  in  the  Integrated  Computer-Aided  Manufacturing  (ICAM)  and 
Integrated  Computer-Aided Design (ICAD)  projects. The  appropriate  combination 
of these  capabilities  into  a  totally  integrated  system  is  expected  to  provide 
significant  productivity  improvements. 

271 



TABLE I. - SUMMARY OF TYPICAL TECHNICAL MODULES 

Discipline 

Vehicle  synthesis 

Vehicle  dynamics 

Aerodynamics 

External  loads 

Structural 
analysis 

Structural 
optimization 

Acronym 

VSPEP 

SWEEP 

SWAIP 

DWGRD 

 AS CAL 

COMET 

STAR 6 

FUDP 

ADELS 

XLOADS 

NASTRAN 

FASTOP 

AC-5 
AC-11 

AC-31 
AC-32 
AC-33 

AC-120 

RIFEM 

RASSP 

SPARS 

AC-88 

TS-0 

Program Description 

Vehicle  Sizing  and Performance Evaluation 

Structural  Weight  Estimation Program 

SWEEP/Production  Cost Model Interface  Program 

Grid/Air  Vehicle Mass Properties Program 

Rockwell  Automated  System  for  Computer-Aided  Lofti 

Structural  Flutter  Optimization Program 

General  Vibration and Flutter  Analysis  Program 

Flexible  Unified  Distribution Program 

Advanced  Design  External  Loads  Program 

External  Structural Loads Program 

NASA  Structural  Analysis  Program 

Flutter and Strength  Optimization  Program 

Honeycomb  Sandwich Panel Stability  Under  In-Plane 
Biaxial Loads and  In-Plane  Shear  Loading 

Laminate  Design for Strength  and 
Stiffness-Multiple  Load  Condition, 
Upper  Boundary  Optimal Design, and 
Biaxial  In-Plane  Loading 

Minimum  Weight Design Advanced  Composite 
Panel Strength and Stability 

Rockwell  Finite-Element  Model Pre and Post  Processor 

Rockwell  Automated  Stress  Spectrum  Program for 
Fatigue and Fracture  Mechanics 

Multispar  Box  Optimization  Program 

Aeroelastic  Taloring  Structural  Sizing  Program 

Aeroelastic  Taloring  Structural  Optimization 
Program 

Design 
Level 

I1 - I11 
I11 - v 
111 - v 
I11 - v 
I11 

111 - v 
I11 - v 
I11 - IV 
IV - v 
I11 - v 
IV - VI 
IV - v 
IV - VI 

IV - v 

IV - v 

I11 - VI 
IV - v 

I11 - v 
I11 - IV 
IV - v 
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~ ~~ 

MILESTONES 

ACTIVITY 

~~ 

FUNCTIONS 

COMPUTER AIDED 
DEVELOPMENT 
PROGRAMS 

I O I O I  
PROGRAM 
INITIATION 

VERIFICATION 

FULL SCALE  PRODUCTION & 
DEVELOPMENT  DEPLOYMENT 
A) ENG DES & REL  A)  ENGR/TOOLING 
E) FAB, ASSY & 

FLT TEST 
PROCUREMENT 

E) FAB/ASSY/IOC 
DEPLOYMENT 

DETAIL  DESIGN  SUSTAINING  ENGINEERING 
A) DETAIL  DESIGN/ A) PRODUCT VERlFlCATlOl 

E) PRODUCT MFG c )  PRODUCT IMPROVEMEN 
DEVELOPMENT E) PRODUCT  OPERATION 

I I 

PROGRAM MANAGEMENT 
OPERATION  ANALYSIS 
LOGISTICS 

ENGINEERING  OPERATIONS 
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DESIGN 

ICAD COMPUTER lCAM 
AIDED 
MANUFACTURING I INTEGRATED PROGRAMS FOR AEROSPACE VEHICLE  DESIGN  IPAD 

~~~~~ ~~ 

*DEFENSE SYSTEMS ACQUlSlTldNS REVIEW  COUNCIL 

Figure 1.- Acquisition  process for  major defense systems. 

DESIGN  PHASE 
~ 

DISCIPLINARY OR 
TECHNICAL  FUNCTION 

AIRCRAFT  CONCEPTUAL 
~~ ~~~ ~ DESIGN  DESIGN . - . ~ 

A IRCRAFT  PRELIMINAR)  

OPERATIONS  ANALYSIS 
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OPERATIONS  ANALYSIS 
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PROPULSION 
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MASS  PROPERTIES 

STRUCTURES  ANALYSIS 
VEHICLE  DYNAMICS 
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SUBSYSTEMS  DESIGN 
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SUBSYSTEMS DESIGN 
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ELECTRICAL 

WEAPON  SYSTEMS  INTEGRATIOf 
ELECTRONICS  SYSTEMS 

CREW  SYSTEMS 
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MECHANICAL SYSTEMS DESIGN 
AVIONICS  INST.  DESIGN 
SUPPORT EOUIPMENT  DESIGN 
DESIGN SUPPORT 

Figure 2.- Technical skills  involvement. 
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Figure 4.- Conceptual/preliminary/detail design phase characteristics. 
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Figure 6.- Product activities and CAD/CAM functions overview. 
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Figure 7.-  CAD/CAM history  overview. 
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IPAD: A COMPUTER VENDOR'S PERSPECTIVE 

Harley D. Feldman 
Control Data Corporation 

Control Data Corporation  has  been  associated  with  the IPAD concept  since 
1970. It has been our  pleasure  to  provide knowledge, learn  the  technology, 
par t ic ipate   in   decis ions,  and generally  support  the IPAD e f fo r t .  D r s .  Miller 
and Fulton  reserve much c red i t   fo r   s t i ck ing   t o  a concept  as  long as they have 
over some d i f f i c u l t  times. Now tha t   t he  I P A D  concepts are reaching  fruit ion 
in  the  engineering  world, I would l i k e  t o   r e f l e c t  somewhat  on a computer 
vendor's view of  the I P A D  program a s  it has  evolved, a perspective  of  the 
decisions made as the program moved forward, a current view of  the development, 
and a look  into  the  future  of IPAD concepts. 

Control Data became involved  in  the IPAD concepts  in 1970. Working with 
NASA, Boeing,  and  General Dynamics, we sensed two ingredients  necessary  in 
engineering computing systems: f irst   that   the  state-of-the-art   of  engineering 
and  computing, a t   t h a t   p o i n t   i n  tine, had  been  unable t o  economically u t i l i z e  
the  large amount of  existing  application  software which ex is ted   in   the  govern- 
ment and industry communities  and  second tha t   the  key ingredien t   in   the  imple- 
mentation  of  an  integrated  design  and  analysis  system would be the  monitor 
program to  control   the  t a sk  flow  and  perform the  clerical   functions  associated 
with  the  design  process. By implementing an integrated system to  take  advantage 
of  existing and future  application programs, it was thought  that more productive 
design  could be achieved. The computer would become a tool  to  support   the 
entire  design  process  rather  than a resource  ut i l ized by individual  engineers 
to  support   individual work processes. 

Many issues  had t o  be considered when designing  such  an  integrated system. 
First the  scope  of  the  system  had  to be defined. What product  could be 
designed upon it? What technical  disciplines  should be represented? Second, 
analytical  requirements had to  be  determined  in  terms  of  levels  of  analysis and 
what the  flow of t h i s   ana lys i s  might  be. Next system  performance had t o  be 
considered to  ensure  that   the  system was usable by the  appropriate  engineering 
users.  Finally  requirements  for computer  hardware  and software needed t o  be 
specified.  This  included  topics  such  as  utilizing  pre-existing  code, program 
and da ta   i n t eg r i ty ,   u t i l i t y   func t ions ,  and management of  data. These issues  
were presented  to NASA which sought to   search  out  some of  the  answers  through 
a feas ib i l i ty   s tudy  approach. 

During the  feasibi l i ty   s tudy  per iod,  CDC was asked for  technical  opinions 
on many of  the  issue  topics.  We presented  to Boeing  and  General Dynamics an 
overview  of t rends   in  hardware  development  and spec i f ic   p lans   for  CDC equipment. 
We gave opinions on the  impact of hardware  changes on IPAD, evaluated hardware 
configurations,  looked a t  supporting  existing  codes,  and  consulted on design  of 
a centralized  data  base  to  support   engineering  data.  F7e a l so  completed a 
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comprehensive study on migration  of IPAD codes  from the  6600 to  the  STAR 
computer to   a id   an  analysis   of  IPAD and appl icat ion  portabi l i ty  between 
d i f f e ren t  mainframe archi tectures .  

In  addition,  because  of a government des i r e   no t   t o  have operating  system 
modifications be a par t   o f  IPAD, CDC designed t w o  features  required by IPAD 
design  but  not  existent  in  the Network Operating System (NOS). These two 
features ,  Pause  and Omit, were designed t o  ,augment ex is t ing  NOS capab i l i t i e s  
and t o  provide  the  engineer   with  faci l i t ies   to  make his   job on the computer 
oriented toward the way he did  engineering  design. . .  

Control Data then  par t ic ipated i n  a cr i t ique  of   the two f e a s i b i l i t y  
studies.  We concurred  with  the results which concluded tha t   the  IPAD software 
should be a framework under which a company's operational modules (application 
programs)  should  run. T h i s  would allow  each company t o  customize IPAD sof t -  
w a r e  f o r  i t s  own way of  doing  business  while  taking  advantage  of  integration 
technology. Our other  conclusions were t h a t  (1) a single  user  interface 
language w a s  desirable;  (2) operational modules should be easi ly   integrated  into 
the IPAD framework; (3)  the development schedules  and  costs were underestimated; 
(4)  IPAD software  should be as host  independent as possible and y e t  be ab le   to  
take  advantage  of  host  operating  system  capabilities; (5) the system must be 
cost   effective  for  acceptance; and (6) it should  be  an  extension  of  the  design 
process;  not a major  "leap of fa i th"   €or  a corporation. 

There were two main recommendations t o  NASA from the  people a t  the IPAD 
c r i t i que   s e s s ions :   f i r s t   t ha t  a prototype  system  should be  developed  and 
given  to  each  aerospace company for   evaluat ion  in   the  a i rcraf t   design  process  
and  second t h a t  a computer  manufacturer  might  be  the  best  place  to  develop  the 
IPAD framework software. NASA came to   t he i r   s enses  by acknowledging the first 
recommendation and  ignoring  the  second. 

In   l a t e  1974 NASA began formation  of ITAB, Industry  Technical  Advisory 
Board. This  organization was to  provide recommendations to   t he  IPAD contractor 
on direct ion and pr ior i t ies   wi th in   the  IPAD development. We elected  to  become 
members a t  time of  formation?  and ITAB has  proven t o  be one of  the most success- 
ful   advisory  groups  ever  collected  to  monitor a major  government  program. 

In 1975, CDC supported  the  proposal  efforts  of  both  major  bidders  to  the 
I P A D  development contract ,  Boeing  and McDonnell Douglas. The topics  w e  
attempted  to  address were as follows: 

1) Operating  systems - what capabi l i t ies   exis ted  then and where 

2)  Data  base management 
were they  going  in  the  future? 

o What data  elements were needed? 
o Development of a subcontractor's work s ta tement   to  implement 

o Study  of  state-of-the-art  data  base  managers?  especially  relational 
the  proper  data management system 

and set-theoretic 
3)  Development configurations 

o Hardware and software 
o Avai labi l i ty  
0 cos t  
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o Support u t i l i t i e s  
o S i t e  management 

needed 

The recommendations  were 
geometry  and graphics  data  in 
l eve l  language, 

t o  implement IPAD on a cent ra l  computer,  support 
the  data  base, and  develop IPAD using a higher 

In  1976 when Boeing w a s  awarded the development cont rac t   for  IPAD, Control 
Data pa r t i c ipa t ed   i n  some of the  ear ly   s tudies   in   support   of  IPAD design  issues. 
In  the  data  base  area, IPAD requirements were mapped against   our DMS-170 product 
for  closeness  of f i t .  We also  helped Boeing  design and evaluate  the SUSPEND/ 
=STORE feature  under NOS to  support   the t a sk  interrupt  requirements. Then i n  
1977 Control Data  exposed the IPAD s t a f f   t o   ou r  three-schema da ta  manager 
developments in   o rder   for  Boeing to  evaluate  the  latest   in  data  base  technology. 

One f ina l   h i s tor ica l   no te  w a s  our   par t ic ipat ion  in   the  Audit  Committee i n  
August  1978. Recommendations were made a t   t h a t  time t o  have  Boeing  spend less 
e f f o r t  on a first l eve l  IPAD containing a subset of a l l  IPAD capab i l i t i e s  and to  
concentrate on the  data  manager, use  of  geometry  and  graphics,  and  to  provide a 
basic  y e t  distributed  executive.  This  approach is s t i l l  i n   e f f e c t .  

I w i l l  now assess  the  current IPAD technology  versus  the  state-of-the-art 
i n  computer technology. The assessment w i l l  cover  the  issues  of  engineering 
data management, dis t r ibuted  archi tectures ,  and user  interfaces.  

In  the  area  of  engineering  data management, IPAD specified  four fundamental 
requirements  not m e t  by today's  data management systems: engineering and 
scient i f ic   data   types,   d is t r ibuted  data   bases ,  dynamic scheme def in i t ion ,  and 
extensive  security and automatic  recovery from failure.  After  reviewing  the 
CDC data management products, we came to   t he  same conclusion  as I P A D ;  i.e., no 
commercial data manager could be used. However, our  three-schema  data model 
appeared t o  have the most promise.  After  consultations  with  the IPAD s t a f f ,  
t h e  three-schema archi tecture  w a s  se lected  as   the model from which the I P A D  
N-schema data manager was designed. 

The main data  element  to be managed f o r  mechanical  design i s  the   par t  
geometry. Today's data  managers  do not  understand  that two points  each  consist 
of a three  data  element  record of f loat ing  point  numbers = tha t   t hese   po in t s  
form a l i n e   i n  space.  Therefore  the  geometric  intelligence  has  to be put   in to  
each appl icat ion,   precisely  the  s i tuat ion  to   avoid.   I f   the   data  manager could 
supply  geometric  data  sufficiently  rich  to  adequately  describe  the  physical 
object ,  much of  the  drudgery  of  writing new applications  could be avoided. The 
data manager would provide a c lean   in te r face   for   the   s torage  and re t r ieva l   o f  
geometry. 

Even without  the  data manager t o  s to re  and r e t r i eve  geometry, a require- 
ment e x i s t s   t o  exchange  geometry  between CAD/CAM applications.  IPAD had chosen 
the ANSI Y. 14.26.1  geometry protocol t o  provide  this geometry movement. 

A current  attempt a t  t h i s  exchange  problem  has been t h e   I n i t i a l  Graphics 
Exchange Specification (IGES). IGES spec i f ies  a neutral  geometric  definition 
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which a l l   appl ica t ion  systems  could address and thereby communicate geometry 
amongst themselves.  This s i tuat ion does a l lev ia te  some of the problems i n  
moving geometric  descriptions from one application  to  another;  but it a lso  
ignores  others which the IPAD developments attempt  to  solve. While IGES 
presents a neutral   def ini t ion of geometry, it is  done a t   t h e   f i l e   l e v e l ,  
necessitating a processor  to  both  absorb and create  IGES data  from each appli- 
cation. IPAD's geometry def ini t ion is a t   t h e  lowest  level,  thereby  requiring 
the simplest application  call ing sequence.  Secondly, IGES does  not have much 
i n  the way of associat ivi ty ,  even though t h i s  may evolve  overtime. Without 
associat ivi ty  between geometric ent i t ies ,   object   descr ipt ion is inadequate. 

But the main bene f i t   t o  be realized from IPAD over  the IGES structure is  
IPAD's abil i ty  to  recognize changes i n  individual  geometric  entities. With 
IGES, an en t i r e  new f i l e  must be created  to  record any changes in   the  object  
geometry. This  environment is  not un l ike  the  si tuation w i t h  drawings  today. 
I P A D  technology  should  take us into  the next  e ra  where configuration  control 
of the  par t  geometry is done on the  individual  enti ty  level where it would be 
the most e f f ic ien t .  

I believe  that   the  transit ion from where t h e  manufacturing  industry is  
today to   the  future   data  management capabi l i t i es  is through  the IPAD concept 
of f l a t   f i l e s .   F l a t   f i l e s   a r e   t h o s e  w i t h  an undefined  data  structure  as  far  as 
I P A D  formats  are concerned.  This  environment  allows  the  storage and re t r ieva l  
of  data from existing  applications under control  of  the  data manager. As the 
new applications  are  written  or  older  applications  modified  to  the new inter-  
faces,  structured  data w i l l  then be under control  of  the  data manager. 
U t i l i t i e s  could be writ ten,  i f  desired,   to  move data from the  structured format 
to  the  unstructured,  although  the  converse is  usually  not  possible. 

Distributed  architectures have become a necess i ty   in   a l l   a reas  of the 
computing industry  because of geographical  dispersion and lowering communica- 
tions  costs. This  s i tuat ion is especially  true i n  the manufacturing  area,  as 
the  engineering and manufacturing of corporate  products  are  spread  across many 
divisions and geographical  locations. A s  this situation  occurs,  the problem  of 
communicating information between s i t e s  i n  a d i g i t a l  form i s  more c r i t i c a l ,  and 
the management of the  data becomes a necessity. Hence  two problem areas must 
be solved: t ha t  of remote communications cf human or  application  understandable 
data and distributed  logical  data  bases  supporting each  geography. 

I n  the  area  of communications, the computer vendors have in   the  past  gone 
t h e i r  own directions and have only been able   to  communicate t o   l i k e  systems. 
With the  advent of protocols  l ike X.25 and b i t - se r i a l  channel  devices  the 
machine-to-machine communication problem has become easier.  However the 
problem of application-to-application communication i s  still there,  as 
mentioned above w i t h  geometry. 

The area o f  distributed  data  bases is now gett ing  attention because  of user 
requirements. However, each  vendor has one o r  more different  data manager 
products, making the  distributing of data problem very  large. The IPAD design 
where the same logical  data manager is  dis t r ibuted t o  a l l  nodes in   the network 
appears t o  be the  earliest   viable  solution. Linking differing  data managers 
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would require a neu t r a l  data  request  format  result ing  in mapping problems 
similar  to  those  encountered  with IGES. 

F ina l ly   i n   t he  area of  user  interface,  today's  operating  systems and 
appl icat ions  for   the most p a r t  each  present  the user with a d i f f e ren t  set of 
commands, language  syntax,  and  output  reports. Major expenditures are made 
t o   t r a i n  people  to move from  one system or  application  to  another.  IPAD's 
attempt  to  build a s ingle   user   interface is a major s tep  forward  in   a l leviat-  
i ng   t h i s  expensive  problem. Only when standard  interfaces are defined and 
developed w i l l  t h i s  problem  be solved. 

A s  t o   t he  impact  of I P A D  on Control D a t a ,  w e  recognized  the CAD/CAM 
marketplace  as a viable  business  opportunity. IPAD has  provided  guidance i n  
many difficult   areas  not  understood by computer technicians.  Rather  than 
develop CAD/CAM or iented  products   in  a vacuum, our  involvement  with IPAD has 
provided  valuable  information  and  requirements  to  aid  us  in  developing  viable 
so lu t ions   t o   pa r t  of the  engineering  or  manufacturing problem. 

A s  to   the   fu ture  of CAD/CAM technology, I fee l   tha t   the   p rogress   to   da te  
i s  only  scratching  the  surface  of  the  full   potential   in computers supporting 
engineering and manufacturing to  increase  productivity.  I can v isua l ize  major 
advances i n  several  key areas  including  those  being  addressed by IPAD today. 

One of these  areas  of  impact is  in  definit ion  of  the  product model. The 
CAD/CAM systems utilized  today,  including -2000 within IPAD, use two- o r  
three-dimensional w i r e  frame  geometry  and create  two-dimensional w i r e  frame 
drawings. These systems  essentially  automate  the  drawing  process which i s  i n  
practice  with  draftsmen  today. Drawings can be generated and modified a t  a 
f a s t e r  rate than a piece  of  drawing  paper. However these systems do not  help 
the  designer  visualize  his  designed  product  in a three-dimensional  solid  sense; 
they  cannot  represent  inside  or  outside  points  to a surface,   etc.  

Once the  product geometry is defined,  the  next  logical  step would be t o  
communicate the  def ini t ion  to   other   appl icat ions,   e .g . ,   s t ructural   analysis  
and  numerical control machining. But each  application  has a d i f fe ren t   def in i -  
t ion of  geometry b u i l t   i n t o  its data  structures.  So constant  messaging  of  the 
geometry is  done by each new appl ica t ion   or  a neutral  geometry def in i t ion  i s  
used (a l a  IGES) t o  which each application can communicate. Even under the 
neutral   de€ini t ion,   the  geometry communicated may not be r i ch  enough i n  
information t o  be useful   to   the  receiving  appl icat ion.  

The research  being done today in   t he   a r ea  of  three-dimensional  modeling 
systems w i l l  provide  the  vehicle  for  solving  these  problems. The engineer 
w i l l  define  his  product  in  three-dimensional  simplistic  solid  primitives. H e  
w i l l  work i n  a medium f o r  which visual izat ion and accurate   def ini t ion  are  
possible. The geometry def in i t ion  w i l l  most l i ke ly  be calculable from the 
topological  description made  by the  user. 

Once the geometry exis ts ,   then  the  other   appl icat ion  areas   can be 
appended d i r ec t ly   t o   t h i s   de f in i t i on .  Because of  the  solid  nature  of  the 
geometry def in i t ion ,  i ts  information  content w i l l  be s u f f i c i e n t l y   r i c h   t o  
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support   any  application area whether   ex is t ing   appl ica t ions  are i n t e r f a c e d   o r  
new areas are wr i t ten .   Eventua l ly   on ly  new app l i ca t ions  w i l l  e x i s t ,  as they 
can  take  direct   advantage  of  the r ichness   of  the product  geometry.  Therefore 
the   l essons   l earned  by IPAD i n   t h e  area of  geometry d e f i n i t i o n  and management 
w i l l  be  extremely  valuable. 

Another area of  extreme impact w i l l  be i n   t h e  engineering/manufacturing 
i n t e r f ace .  Today the "fence"  between  engineering  and  manufacturing is  not  only 
c o u n t e r p r o d u c t i v e   b u t   r e s u l t s   i n   e x t r a  cost and t i m e  during  the  product  
development  cycle. A s  w a s  concluded  during  the  recent  IPAD Workshop on 
Engineering/Manufacturing I n t e r f a c e ,   t h i s   i n t e r f a c e  must become much l e s s  formal 
and more i n t e r a c t i o n s  must take   p lace .  However, t h e s e   i n t e r a c t i o n s  w i l l  neces- 
s i ta te  changes i n   o r g a n i z a t i o n a l   s t r u c t u r e s ,  the way companies  do business ,  
and the  computer  technology  required  to  support  the  processes. 

In   t he  computer area, da t a  w i l l  need t o  be  communicated  from engineering 
t o  manufacturing,  e.g., part geometry  and materials p rope r t i e s .  Also da ta  w i l l  
flow  from  manufacturing to  engineering,  e.g. ,   manufacturing  costs  and  tooling 
data.   Engineering  and  manufacturing  applications w i l l  need t o  commimicate, 
s to re ,   and   r e t r i eve   da t a  from a common reposi tory.   This  w i l l  d i c t a t e   t h e  use 
of a common da ta   base  manager across  engineering  and  manufacturing. Each area 
w i l l  need a d i f f e r e n t  view of   the  data base ,   bu t   t he   da t a   base  must  be s u f f i -  
c i e n t l y   r i c h   t o  support a l l  app l i ca t ions .   Th i s   s i t ua t ion   p re sen t s  a hea l thy  
chal lenge t o  the  developers   of   data   base management systems. The IPAD and ICAM 
programs w i l l  go a long way i n  developing  requirements  for  the  vendors of these  
systems. 

It  i s  p o s s i b l e   t o   v i s u a l i z e  a t  some d a t e   i n   t h e   f u t u r e  where t h e   e n t i r e  
product  development  cycle becomes somewhat automatic. The design  engineer 
would def ine  his   product   with  three-dimensional   visual izat ion,   the   geometry 
would be  communicated t o   t h e  proper analysis   programs,   resul ts   re turned,   design 
changes made, t h e   p a r t   d e s c r i p t i o n s  communicated to   the  manufactur ing  engineer ,  
and  the  parts  manufactured by d i rec t   numer ica l   cont ro l .  The whole process from 
design t o  manufacture would  be modeled i n   t h e  computer p r i o r  t o  manufacturing 
the  first part. Assurance  of f i t  and  tolerance  adherence would occur  because 
of  the  extensive  modeling  performed. 

Much as t h i s  may seem far-out  today, I b e l i e v e   t h a t   t h i s   r e s u l t  is  des i r -  
able  and  achievable.  It w i l l  not   be   reached  in   one  revolut ionary way; r a t h e r ,  
by eva lua t ion   i n  a piecemeal  fashion  over  time. I b e l i e v e   t h a t  IPAD espec ia l ly  
has   shined  the  l ight   in   the  proper   direct ion  to   guide  manufactur ing companies 
and the  computer i ndus t ry  down t h e   c o r r e c t   p a t h  t o  achieve  the  desired end. 
Control D a t a  i s  proud t o  have  been  involved  with IPAD over   the past ten   years  
and cont inues   to   suppor t   th i s   ou ts tanding  program. 
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IMPLEMENTING AN INTEGRATED ENGINEERING 

DATA  BASE  SYSTEM 

A DEVELOPER'S  EXPERIENCE AND THE APPLICATION TO IPAD 

Everett A. Bruce  

D ig i t a l  E q u i p m e n t   C o r p o r a t i o n  

1 .   I n t r o d u c t i o n  

T h e   s o f t w a r e   d e v e l o p e d   b y   t h e  IPAD p r o j e c t  will p r o v i d e  a new a n d   v e r y  
p o w e r f u l  t o o l  for t h e   i m p l e m e n t a t i o n  of in t eg ra t ed   Compute r   A ided   Des ign  
( C A D )  s y s t e m s   i n   t h e   a e r o s p a c e   e n g i n e e r i n g   c o m m u n i t y .  It m u s t   b e   k e p t   i n  
m i n d ,   h o w e v e r ,   t h a t   t h e  IPAD s o f t w a r e  is o n l y  a t o o l   a n d ,  as  s u c h ,   c a n   b e  
well a p p l i e d   o r   m i s a p p l i e d   i n   a n y   p a r t i c u l a r   e n v i r o n m e n t .   T h e  many b e n e f i t s  
of a n   i n t e g r a t e d  CAD system are well d o c u m e n t e d ,   b u t   t h e r e   a r e  few s u c h  
s y s t e m s   i n   e x i s t e n c e ,   e s p e c i a l l y   i n   t h e   m e c h a n i c a l   e n g i n e e r i n g   d i s c i p l i n e s ,  
a n d   t h e r e f o r e  l i t t l e  a v a i l a b l e   e x p e r i e n c e   t o   g u i d e   t h e   i m p l e m e n t o r .  

E l e c t r o n i c s   d e s i g n ,   b e c a u s e  i t s  o b j e c t   s p a c e  i s  g e n e r a l l y  more 
c o n s t r a i n e d   a n d   b e t t e r   d e f i n e d ,   h a s   g e n e r a l l y   h a d  more advanced  CAD t o o l s  
t h a n   m e c h a n i c a l   d e s i g n .   T h u s   o n e   f i n d s   m o r e   e x a m p l e s  of i n t e g r a t e d  
e l e c t r o n i c  CAD s y s t e m s   c u r r e n t l y   i n  use. A l t h o u g h   t h e   m e c h a n i c a l   a n d  
e l e c t r o n i c   d i s c i p l i n e s   t h e m s e l v e s  may b e   q u i t e   d i f f e r e n t ,   t h e   f u n d a m e n t a l  
i s s u e s   o f   i m p l e m e n t i n g   a n   i n t e g r a t e d  CAD s y s t e m   a r e   v e r y   s i m i l a r .   T h i s  
p a p e r  w i l l  p r e s e n t  a s e t  o f   m a x i m s   d e r i v e d   f r o m   e x p e r i e n c e   i n   i m p l e m e n t i n g  
a n   i n t e g r a t e d   e l e c t r o n i c  CAD s y s t e m   a t   D i g i t a l   E q u i p m e n t   C o r p o r t i o n .  We 
b e l i e v e   t h e s e   m a x i m s   a p p l y   e q u a l l y  we l l  t o   a n y o n e   c o n t e m p l a t i n g   a n  
i n t e g r a t e d  CAD s y s t e m   b u i l t   a r o u n d  IPAD.  

2. Background 

I n  1973 t h e  CAD s y s t e m s   E n g i n e e r i n g   G r o u p   a t   D i g i t a l   E q u i p m e n t   b e g a n  
t h e   d e s i g n   a n d   i m p l e m e n t a t i o n  of t h e   I n t e g r a t e d   D e s i g n   a n d   E n g i n e e r i n g  
Automat ion  ( I D E A )  System, a n   i n t e g r a t e d  e lectronic  CAD s y s t e m  for u s e   w i t h i n  
D i g i t a l ' s  own e n g i n e e r i n g   g r o u p s .  A t  t h a t  time D i g i t a l   h a d   i n   u s e  a number 
of c o m p u t e r   a i d e d   d e s i g n   a n d   a n a l y s i s   t o o l s ,   e a c h  of which   was   independent  
or coup led  t o  o t h e r  t oo l s  by  way of s p e c i a l   p u r p o s e   t r a n s f e r  f i les.  I D E A  was 
d e s i g n e d  t o  r e p l a c e   t h i s   l o o s e l y   c o u p l e d   a n d   u n c o n t r o l l e d  s e t  of  
a p p l i c a t i o n s   w i t h   a n   i n t e g r a t e d   a n d   c o n t o l l e d   h a r d w a r e / s o f t w a r e   s y s t e m  for  
CAD. The   ha rdware   env i ronmen t   i nc luded  a ne twork   of  DECSystem-IO time-shared 
compute r s ,   e ach  of w h i c h   s u p p o r t e d  a number of a l p h a n u m e r i c   a n d  GT62 r e f r e s h  
g r a p h i c s   t e r m i n a l s .   T h e   b a s i c   s o f t w a r e   s y s t e m   i n c l u d e d  a g e n e r a l   p u r p o s e  
d e v i c e   i n d e p e n d e n t   g r a p h i c s   s y s t e m ,  a d a t a   b a s e  for  e lectronic  d e s i g n  
implemen ted   u s ing  DBMS-IO, a CODASYL d a t a   b a s e   m a n a g e r ,   a n d   t h e   n e c e s s a r y  
d a t a   b a s e   s u p p o r t   u t i t i l i e s .  
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The design o f   t h e  da ta  base and t h e   i m p l e m e n t a t i o n   o f   t h e  da ta  base 
s u p p o r t   s o f t w a r e  were t h e   m a j o r   a c t i v i t i e s   i n   t h e  I D E A  p r o j e c t .  The da t a  
b a s e  i t se l f  c o n s i s t e d  of four  major  components:  

( 1 )  A large pa r t s  l i b r a r y  (>30,000 par t s )  

(2) A l i b r a r y   o f   d e s i g n   s t a n d a r d   s h a p e s  and   parameters  

(3) A se t  o f   e l e c t r o n i c   d e s i g n   m o d u l e s   c o n t a i n i n g   a l l   e l e c t r i c a l ,  
l o g i c a l  a n d   p h y s i c a l   d a t a   f o r  a p a r t ,   s t o r e d   i n  a complex  network 
d a t a   s t r u c t u r e  

(4) D i r e c t o r y  and access c o n t r o l   i n f o r m a t i o n   f o r   t h e  en t i re  
d a t a  base. 

The d a t a   b a s e   u t i l i t i e s   c o n s i s t e d   o f  a se t  o f   s u b - r o u t i n e s   f o r   a c c e s s i n g   t h e  
d a t a  base and   p rograms   fo r   ma in ta in ing   and   upda t ing   t he  l ib rar ies  and 
d i r e c t o r i e s .  

On t o p   o f   t h e  I D E A  f o u n d a t i o n s   o f   g r a p h i c s   a n d   d a t a  base a set  o f  
e l e c t r o n i c   d e s i g n   a n d   a n a l y s i s   p r o g r a m s  were implemented,   each  of   which  drew 
i ts  i n p u t   d a t a   f r o m   t h e  I D E A  Data Base or p r o v i d e d   o u t p u t   t o  it. These 
a p p l i c a t i o n s   i n c l u d e d   l o g i c   d e s i g n   i n p u t ,   p r i n t e d  c i r cu i t  board da t a  e n t r y  
and l a y o u t ,   p a r t s   l i b r a r y   i n p u t  and   main tenence   and   manufac tur ing   da ta  
o u t p u t .  Some o f   t h e s e   a p p l i c a t i o n s   m a n i p u l a t e d   t h e   d a t a  base d i r e c t l y ,  
w h i l e   o t h e r s   i n t e r f a c e d   v i a  an e x t r a c t / u p d a t e  f i l e  mechanism.   In   the l a t t e r  
case, s y s t e m   i n t e g r i t y  was a s s u r e d   b y   a l w a y s   r e q u i r i n g   a n   e x t r a c t / u p d a t e  
p a i r  and   no t   a l l owing   ano the r   upda te   o f  a g i v e n   d e s i g n   m o d u l e   u n t i l  t h e  
f i rs t  upda te  was pe r fo rmed .   App l i ca t ions   u se r s   spanned   t he   r ange   f rom 
e n g i n e e r s   t o   t e c h n i c i a n s   t o   d r a f t e r s .  

As w i t h  many l a r g e   d e v e l o p m e n t   p r o j e c t s ,  I D E A  took  somewhat  longer  and 
de l ivered  s'omewhat less f u n c t i o n a l i t y   t h a n   o r i g i n a l l y   p l a n n e d .  I D E A  began 
user t e s t i n g   i n  1976  and  went i n t o   p r o d u c t i o n  use i n  1977.  The  system  has 
c o n t i n u e d   t o   e x p a n d   a n d   e v o l v e   s i n c e   t h e n ,   b a s e d   o n  user f e e d b a c k ,  
t e c h n o l o g y   n e e d s   a n d   t h e   d e v e l o p e r s '   i n c r e a s i n g   a w a r e n e s s   o f   t h e   s y s t e m ' s  
s t r e n g t h s   a n d   w e a k n e s s e s .   A l t h o u g h  a t  times d i f f i c u l t ,  t h i s   s y s t e m  
evo lu t ion   has   been   va luab le   i n   bo th   mak ing  I D E A  more e f f e c t i v e  and a l s o  
f o c u s s i n g  on the   t echn iques   needed   t o   des ign   and   imp lemen t  f u t u r e  i n t e g r a t e d  
CAD t o o l s .  

3. Some Maxims 

The p r o c e s s   t o   e v o l v e  the IDEA Sys tem  has   been   bo th   very  d i f f i c u l t  and 
v e r y   e n l i g h t e n i n g .  Many o f  the p rob lems   encoun te red   i n  I D E A  o r i g i n a l l y  
surfaced a s   s p e c i f i c  user issues o f   a n   a p p a r e n t   m i n o r   n a t u r e  or a s  
u n q u a n t i f i e d   u s e r   d i s c o m f o r t s .   G i v e n   t h e   b r o a d e r   p e r s p e c t i v e   o f  time and 
exper ience ,   however ,  these i n d i v i d u a l   p r o b l e m s   c o a l e s c e d   i n t o  a r e l a t i v e l y  
s m a l l  number o f   g l o b a l   s y s t e m s   d e s i g n   i s s u e s .  We refer t o   ' s y s t e m s '   h e r e  i n  
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the normal EDP sense ,   tha t  i s ,  a co l lec t ion  of i n t e r r e l a t e d  hardware, 
s o f t w a r e  * d a t a ,   p r o c e s s e s   a n d   u s e r s .  A fundamental   premise is t h a t   s y s t e m s  
a n a l y s i s  and  design are v e r y   d i f f e r e n t   d i s c i p l i n e s  from hardware   o r   so f tware  
des ign .   Problems  have   tended   to  a r i se  i n  those areas w h e r e   t h e   d e v e l o p e r s  
were n o t   s u f f i c i e n t l y   c o g n i z a n t   o f   s y s t e m   i s s u e s .  On t h e   o t h e r   h a n d ,   t h o s e  
areas i n  which t h e   s y s t e m s   a s p e c t s  were s p e c i f i c a l l y   t a k e n   i n t o   a c c o u n t  
were among t h e   m o s t   s u c c e s s f u l   p a r t s   o f  IDEA.  

T h e   f o l l o w i n g  maxims a r e  d e r i v e d  from r e f l e c t i o n  on t h e  IDEA 
expe r i ence .   Whi l e   t hey  may a p p e a r   t o  be somewhat  obvious, many of  them were 
o v e r l o o k e d   o r   n o t   c o n s i d e r e d   s u f f i c i e n t l y   i m p o r t a n t   b y   t h e   t o o l - o r i e n t e d  
d e v e l o p e r s   o f   t h e   s y s t e m .   T h e y   a r e   p r e s e n t e d   h e r e  as  poin ts   on   which  those 
con templa t ing  the development   of   an IPAD system  might  ref lect .  A few 
m i n u t e s   o f   s u c h   r e f l e c t i o n  may s a v e  many p a i n f u l   h o u r s   o f   c o r r e c t i o n .  

1 ) Never   a t tempt   to   au tomate  t h a t  which you d o n ' t   u n d e r s t a n d  how t o  
do  manually.  

T h i s  is p r o b a b l y   t h e   f u n d a m e n t a l   r u l e   o f   a l l   s y s t e m s   d e s i g n   a n d  y e t  one 
which is f r e q u e n t l y   v i o l a t e d   i n   t h e   d e s i g n   o f  CAD systems.  Most CAD 
a p p l i c a t i o n s   i n   c o m p a n i e s   s t a r t   o u t  as s e t s  o f   u n r e l a t e d   t o o l s   c r e a t e d   t o  
s o l v e  spec i f ic   des ign   problems.  As t h e  c o l l e c t i o n  of t o o l s  ge t s   l a rge  
enough, t h e  implementa t ion   of   an   in tegra ted  CAD system may be a t t empted .  
B u t  t h e  too l s   t hemse lves   fo rm  on ly  a small pa r t   o f   t he   sys t em.   Fa r   more  
i m p o r t a n t   a r e  the p r o c e s s e s ,  t h e  way the  t o o l s  f i t  t o g e t h e r ,  and t h e   d a t a  
with w h i c h   t h e   t o o l s   a n d   p r o c e s s e s   o p e r a t e .   F a r   t o o  few e n g i n e e r i n g  
o r g a n i z a t i o n s   h a v e  a comple te   unders tanding  of t h e i r  own p r o c e s s   f l o w s .  
T y p i c a l l y  much o f  t h e  p r o c e s s  i s  i n f o r m a l   a n d   u n d o c u m e n t e d .   F e w e r  
o r g a n i z a t i o n s  s t i l l  a r e   i n  a p o s i t i o n   t o   q u a n t i z e   t h o s e   p r o c e s s e s   i n t o   a n  
i n t e g r a t e d   d e s i g n   s y s t e m .  Most e n g i n e e r i n g   d a t a   t o d a y  exis ts  i n  a myriad  of  
forms,  much of it ana log   (e .g .   d rawings ,   purchase   specs ,   models ) .   In   o rder  
t o  c r e a t e   a n   i n t e g r a t e d  CAD system, t h i s  d a t a  m u s t  be quantized,  and  even 
b e f o r e   t h a t  it must  be e x p l i c i t l y   i d e n t i f i e d .  

The m a j o r   d e s i g n   e f f o r t s   o f   t h e  I D E A  System were t h e  i d e n t i f i c a t i o n   o f  
a l l  of t h e   i n f o r m a t i o n   a b o u t   a n   e l e c t r o n i c   d e s i g n   r e q u i r e d   t o   f o r m  a 
comple t e   da t a  base and   e s t ab l i shmen t   o f  t h e  a p p r o p r i a t e   r e l a t i o n s h i p s  among 
t h o s e   d a t a  items. Fa r  less time was s p e n t   u n d e r s t a n d i n g  the e n g i n e e r i n g  
p rocess .  T h i s  l e d  t o  a few s i t u a t i o n s  where t h e   d a t a  and t h e   p r o c e s s  were 
n o t   i n   p h a s e .  Users e i t h e r  d i d  not   have  access t o  needed   da t a   o r   cou ld   ge t  
it o n l y   w i t h   g r e a t   d i f f i c u l t y .   F o r   e x a m p l e ,   d u r i n g   p r i n t e d   c i r c u i t   b o a r d  
l a y o u t ,  a user   could  change a f e e d - t h r o u g h   h o l e   s i z e   o n l y   b y   p u t t i n g  the 
des ign   back   i n to  the da ta  base   and   invoking  t h e  s t a n d a r d   s h a p e s   e d i t o r .  
T h i s  was a v e r y   s l o w   p r o c e s s   f o r   w h a t   a p p e a r e d   t o  t h e  user t o  be a t r i v i a l  
change. 

C A D  d e v e l o p e r s   h a v e   t r a d i t i o n a l l y   b e e n   o r i e n t e d   t o w a r d   t o o l s ,  
t echnology  and   techniques .  CAD t o o l s   a u t o m a t e  a p a r t i c u l a r   s t e p   i n  a d e s i g n  
p r o c e s s .  To b u i l d  a s u c c e s s f u l   i n t e g r a t e d  CAD sys tem,   one  m u s t  look  beyond 
the  i n d i v i d u a l   s t e p s   a n d   b u i l d  a s y s t e m   t o  a i d  the o v e r a l l   e n g i n e e r i n g  
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p r o c e s s .  To do t h i s ,   o n e  first h a s   t o   u n d e r s t a n d   t h a t   p r o c e s s .   P r o b a b l y  
t h e   g r e a t e s t   b e n e f i t   t o   a n   o r g a n i z a t i o n   w h i c h  arises f rom  an   i n t eg ra t ed  CAD 
s y s t e m   p r o j e c t  is t h i s   u n d e r s t a n d i n g .  Even i f  t h e   s y s t e m  were never  
a c t u a l l y   i m p l e m e n t e d ,   g r e a t   b e n e f i t   w o u l d   a c c r u e   t o   a n y   e n g i n e e r i n g  
o rgan iza t ion   wh ich  made t h e   e f f o r t   t o   u n d e r s t a n d   a n d   q u a n t i z e  i ts  own 
p rocesses   and  da ta .  On t h e   o t h e r   h a n d ,   a n y   a t t e m p t   t o   i n t e g r a t e  a set  o f  
CAD t o o l s   w i t h o u t   t h i s   u n d e r s t a n d i n g  will p r o b a b l y  cause more harm t h a n  
good. 

2)  The   sys t em  use r s   a r e   your   mos t   impor t an t   r e source .  

Too o f t e n  CAD s y s t e m   d e v e l o p e r s ,  a s  t o o l - o r i e n t e d   p e o p l e ,   f o c u s   a l l  
t h e i r   a t t e n t i o n  on the  t e c h n o l o g i c a l   p r o b l e m s   t o  be so lved  (how t o   d e f i n e  3D 
geometry,  how t o  structure t h e   d a t a ,  e t c .  1 and f o r g e t   t h e  fac t  t h a t   t o  be  
successful t h e i r   s y s t e m   m u s t  be used.  But CAD s y s t e m s ,  as  a l l  DP systems, 
must s t a r t   w i t h  a set  o f   u se r s .   I ndeed ,   one   o f   t he   mos t   impor t an t  f i r s t  
s t e p s   i n   t h e   s y s t e m   d e s i g n  is  t o   e x p l i c i t l y   i d e n t i f y  who t h e  user community 
will be. Only when t h i s  is done will the  sys t ems '   pu rpose   and   d i r ec t ion  be 
c l e a r .  

The user community is t h e   u l t i m a t e   s o u r c e   o f   i n f o r m a t i o n   a b o u t   b o t h   t h e  
e n g i n e e r i n g   p r o c e s s   a n d   t h e   r e q u i s i t e   d a t a .  The users shou ld  be invo lved  
f rom  the   i ncep t ion   o f   any  CAD system d e s i g n  as  bo th   consu l t an t s   and  
reviewers. The IPAD p r o j e c t  a t  Boeing  has  shown t h e  way i n  t h i s  r e g a r d .  
The engineer ing  group is sepa ra t e   f rom t h e  system  design  group  and  has   been 
i n s t r u m e n t a l   i n   a i d i n g   a n d   v a l i d a t i n g   t h e   s y s t e m   d e s i g n   t h r o u g h   t h e  
development   of  a s e t  o f   s c e n a r i o s  and  demonstrat ions.   Companies   planning  an 
IPAD implementa t ion   should   p lan  a similar a c t i v i t y .   A l t h o u g h   t h e   B o e i n g  
e f f o r t   p o i n t s   t h e  way, each company will need t o   t a i l o r  IPAD f o r  its own 
e n v i r o n m e n t   a n d   t h e   p e o p l e   t o   d o   t h i s   a r e   t h e   s y s t e m ' s  users, n o t   t h e  
d e v e l o p e r s .  

Whether  an i n t e g r a t e d  CAD system is s u c c e s s f u l   u l t i m a t e l y   d e p e n d s ,   o f  
c o u r s e ,  on whether it is used ,   and   tha t   in   tu rn   depends   on   whether  it i s  
a c c e p t a b l e   t o  i ts user  community. The u s e r s   t h e n   m u s t   b e   t h e   f i n a l  review 
a u t h o r i t y   f o r   b o t h   s y s t e m   d e s i g n   a n d   i n d i v i d u a l   a p p l i c a t i o n   i n t e r f a c e  
d e s i g n .  I t  is a l s o   v e r y   i m p o r t a n t  t h a t  t h e  users a n d   d e v e l o p e r s   n e g o t i a t e  
s y s t e m   a n d   a p p l i c a t i o n   p e r f o r m a n c e   g o a l s   e a r l y   i n   t h e   d e s i g n   p r o c e s s .  
Performance is e v e r y  b i t  a s  c r i t i c a l  a s   f u n c t i o n a l i t y   t o   s y s t e m  success. 
I D E A  S y s t e m   p e r f o r m a n c e   g o a l s  were n e v e r   e x p l i c i t l y   s t a t e d .  Users' 
e x p e c t a t i o n s  were h i g h e r   t h a n   t h e   d e v e l o p e r s '   a n d   t h i s  became a c o n s t a n t  
s o u r c e   o f   c o n t e n t i o n   a f t e r   t h e   s y s t e m  was released. 

When i d e n t i f y i n g   s y s t e m  users, it i s  i m p o r t a n t   t o   d i s t i n g u i s h   b e t w e e n  
t h o s e  who s u p p l y   d a t a  and  those who use it o r   b e n e f i t   f r o m  it. The former 
are  o b v i o u s l y   v i t a l   t o   t h e   o v e r a l l   s y s t e m  success, b u t   u n l e s s   t h e y   a r e  
b r o u g h t   i n t o   t h e   p r o c e s s   a t  a v e r y   e a r l y   s t a g e ,   t h e y  may f a i l   t o  see t h e  
va lue   o f   t he   sys t em.   Indeed ,   an   i n t eg ra t ed  CAD System may add t o  t h e  work 
of  such a group  wi thout   p roducing   any  d i rec t  b e n e f i t   t o  them. An example  of 
t h i s   c o u l d  be a pu rchase   spec i f i ca t ion   g roup   o r   componen t s   eng inee r ing   g roup  



w h i c h   h a s   t h e   d a t a   n e e d e d   t o   p o p u l a t e  a s t a n d a r d   p a r t s   l i b r a r y .  
I n c o r p o r a t i n g   s u c h  a g r o u p   i n t o   t h e   s y s t e m  a f t e r  it is designed  and 
implemen ted   can   be   ve ry   d i f f i cu l t   and   f rus t r a t ing .  

3) Data base  administration is t h e   k e y   t o   s u c c e s s f u l   i m p l e m e n t a t i o n .  

Most l i t e r a t u r e  on d a t a   b a s e   s y s t e m s   d e s c r i b e s  a f u n c t i o n   c a l l e d   t h e  
Data Base A d m i n i s t r a t o r  (DBA) .  The DBA is u s u a l l y   d e s c r i b e d  a s  b e i n g  
r e s p o n s i b l e   f o r   u n d e r s t a n d i n g   t h e   d a t a   n e e d s   o f   t h e   c o r p o r a t i o n ,   d e f i n i n g  
t h e   r e l a t i o n s h i p s  among t h e   d a t a ,   s t r u c t u r i n g   t h e   d a t a   b a s e s   a n d   t h e n  
ove r see ing   t he   day - to -day   ope ra t ions   o f   t he   da t a   base   sys t em.  I n  a lmos t  
a n y   s i g n i f i c a n t   d a t a   b a s e   s y s t e m   t h i s   f u n c t i o n  w i l l  b e   t o o   l a r g e  and  demand 
t o o   g r e a t  a v a r i e t y   o f   s k i l l s   f o r   o n e   i n d i v i d u a l .  However, it is v e r y  
i m p o r t a n t   t o   t h e   s u c c e s s   o f   t h e   s y s t e m   t h a t   t h e   f u n c t i o n   b e   r e c o g n i z e d   b y  
t h e   c o r p o r a t i o n  and  performed  by a set o f   p e o p l e   e x p l i c i t l y   c h a r t e r e d   f o r ,  
a n d   d e d i c a t e d   t o ,   d a t a   b a s e  administration. 

Minimal DBA f u n c t i o n s  w i l l  a lways   be   per formed,   whether   recognized   or  
not. When one i s  go ing  t o  b u i l d  a d a t a   b a s e ,   t h e   d a t a  it will conta in   and  
t h e   d a t a  relationships  must  be  defined.  This  is  often  done  by  system 
implementors.  I n  t h e  I D E A  Sys tem,   for   example ,   the   person  who r e s e a r c h e d  
the   da t a   needs   a l so   de f ined   t he   da t a   base   s chemas   and   l ed   t he   so f tware  
eng inee r ing   t eam  wh ich   deve loped   t he   da t a   base   so f tware .   F requen t ly   t he  
o t h e r  DBA r o l e ,   t h a t   o f   d e a l i n g   w i t h   d a i l y   o p e r a t i o n s ,  is a s s i g n e d   t o   t h e  
EDP o p e r a t i o n s   s t a f f   a s   a n o t h e r   o f   t h e i r   r o u t i n e   f u n c t i o n s .  

The d a n g e r   o f   t h i s   i m p l i c i t   a p p r o a c h   t o   d a t a   b a s e   a d m i n i s t r a t i o n  is 
t h a t  it t e n d s   t o   f o c u s  on t h e   d e t a i l s  and  overlook t h e  t o t a l   s y s t e m .  It is 
t h e   d a t a   b a s e   w h i c h   i n t e g r a t e s   a n   i n t e g r a t e d  CAD System.  The  high leve l  
des ign   o f   t ha t   da t a   base   mus t   be   done  by people  w i t h  an   ove rv iew  o f   t he  
c o r p o r a t i o n ' s   b u s i n e s s ,   d a t a   n e e d s  and   processes .  Too o f t e n   t h e  CAD 
d e v e l o p e r s   l a c k   t h i s   o v e r v i e w   a n d   d e a l   o n l y  w i t h  t h e   d a t a   n e e d s   o f  
i n d i v i d u a l  CAD t o o l s .  CAD d e v e l o p e r s   a l s o   g e n e r a l l y   l a c k   t h e   v i s i b i l i t y  
and   "c lou t "   w i th   t op   managemen t   t o   o rgan ize   t he   da t a   r e sources   and   r e so lve  
t h e   i n e v i t a b l e   c o n f l i c t s   w h i c h  w i l l  a r i s e   r e g a r d i n g   d a t a   n e e d s   a n d  
s t r u c t u r e s  among the   myr iad   o f  user o r g a n i z a t o n s .  

A s econd   p rob lem  wh ich   a r i s e s   w i th   t he   imp l i c i t  DBA approach  i s  t h a t  a 
d a t a   b a s e  is n o t   s t a t i c .  A s  it is u s e d ,   t h e r e  w i l l  be a need f o r  
c o n t i n u o u s   e v o l u t i o n   o f   t h e   d a t a   b a s e .  New d a t a   r e q u i r e m e n t s  w i l l  a r i se .  
New r e l a t i o n s h i p s  and structures will be   needed .   This   evolu t ion  m u s t  be  
c o n t r o l l e d  and  performed  with  the same s k i l l s   a s   t h e   i n i t i a l   d a t a   b a s e  
d e f i n i t i o n .  The system  implementors  will u s u a l l y   n o t   h a v e   t h e  time n o r   t h e  
c h a r t e r   t o   m o n i t o r   t h i s   e v o l u t o n .   B u t   t h e   p r e s s u r e   f o r   s y s t e m   c h a n g e s   f r o m  
t h e  users will be   cont inuous .   Unless  someone is e x p l i c i t y   C h a r t e r e d  t o  
manage t h e   e v o l u t i o n ,   n e c e s s a r y   c h a n g e s  will n o t   t a k e   p l a c e   o r  will be 
a c c o m p l i s h e d   o n l y   w i t h   g r e a t   d i f f i c u l t y   a n d  a la rge   impact   on   deve lopment  
s c h e d u l e s .   T h i s   c a n   s e v e r e l y   i m p a c t   s y s t e m   e f f e c t i v e n e s s   a n d   p o t e n t i a l l y  
even   r ende r   t he   sys t em  u l t ima te ly  useless. 
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F i n a l l y   t h e r e  will arise i n   t h e   d a i l y   o p e r a t i o n  of a d a t a  base system 
many problems  which are beyond t h e   s c o p e  of r e s p o n s i b i l i t y   o f  an EDP 
opera t ions  staff .  These include q u e s t i o n s  of  ownership of data, 
r e s p o n s i b i l i t y   t o   p o p u l a t e   t h e  da t a  base, s e c u r i t y   i s s u e s  and t h e   s e t t i n g  
o f   p r i o r i t i e s .   R e s o l u t i o n   o f   t h i s   t y p e  of i s s u e   r e q u i r e s  a co rpora t e   w ide ,  
l o n g   r a n g e   p e r s p e c t i v e .  The o p e r a t i o n a l  management o f  a da t a  base sys t em,  
j u s t   l i k e   t h e   s y s t e m   d e f i n i t i o n ,   m u s t   o c c u r  a t  a n   o r g a n i z a t i o n a l   l e v e l  
c o n s i s t e n t   w i t h   b o t h   t h e   s c o p e  a n d   i m p o r t a n c e   o f   t h e   s y s t e m   t o   t h e  
c o r p o r a t i o n  as  a whole. 

I n  summary, a k e y   f a c t o r   i n   t h e   s u c c e s s f u l   i m p l e m e n t a t i o n   o f   a n  
i n t e g r a t e d  CAD system is t h e   h i g h l y   v i s i b l e ,   d e d i c a t e d   a d m i n i s t r a t i o n   o f  
t he   da t a   base   f rom t h e  v e r y   b e g i n n i n g   o f   t h e   e f f o r t .   U n f o r t u n a t e l y   t h i s  is 
a n   a s p e c t   o f   s y s t e m s   d e s i g n   w h i c h  i s  a l l  t o o   o f t e n   o v e r l o o k e d   b y  
t e c h n o l o g i c a l l y   o r i e n t e d  CAD d e v e l o p e r s .   B u t   u n l e s s   a n   i n t e g r a t e d  CAD 
system i s  e f f ec t ive ly   admin i s t e red  it w i l l  s u r e l y  f a l l  apar t   because  of 
i t s  own weight.  

4 )  D o n ' t   o v e r c o n t r o l .  

One o f   t h e   p r i m a r y   r e a s o n s   f o r   i m p l e m e n t i n g   a n   i n t e g r a t e d  CAD system 
is  f o r  a company t o   g e t   c o n t r o l   o f  i ts  e n g i n e e r i n g   d a t a .  The i n t e g r a t e d  
d a t a  base a l l o w s   t h e  company t o   h a v e   a c c e s s   t o   a l l   t h e   d a t a ,   t o   c o n t r o l  
a c c e s s   t o   t h a t  da t a  and t o   t r a c k  and c o n t r o l   t h e   r e v i s i o n s   t o   t h a t   d a t a  a s  
a d e s i g n   e v o l v e s .  The r i s k  is t h a t   i n   a t t e m p t i n g   t o   g a i n   c o n t r o l   o f  i ts  
e n g i n e e r i n g   d a t a  and   p rocess ,   t he   imp lemen to r s   o f   an   i n t eg ra t ed  CAD system 
c a n   e a s i l y  go t o o   f a r  and make t h e   s y s t e m   t o o   r i g i d  and t h e r e f o r e  
i n e f f e c t i v e .  

One po ten t i a l   con t ro l   p rob lem  cen te r s   a round   t he   f r eedom  the   u se r   o f  
t he   sys t em is g iven .  A b a l a n c e  m u s t  b e   s t r u c k .  On one   hand   the   sys tem's  
users m u s t  be c o n s t r a i n e d   t o   a d h e r e   t o   c o r p o r a t e   o r   d e p a r t m e n t   s t a n d a r d s .  
T h i s   t y p e   o f   c o n t r o l  is p r o b a b l y   a l r e a d y   i n   p l a c e ,   b u t   t h e  e f fec t  o f  it 
will seem much more dramatic when computer  based systems a r e   i n t r o d u c e d ,  
s i n c e   s u c h   s y s t e m s   g e n e r a l l y  demand d a t a  i n  more   p rec i se   and   s t anda rd ized  
f o r m s   t h a n   e n g i n e e r i n g   p e r s o n n e l   a r e   a c c u s t o m e d   t o   g i v e .  On t h e  o t h e r  
hand ,   t he   u se r s   mus t  be given  enough  freedom t o  be a b l e   t o   p e r f o r m   t h e i r  
a s s i g n e d   t a s k s   i n  as c r e a t i v e  a f a s h i o n   a s   p o s s i b l e .  The users should feel  
t h a t   t h e y   c o n t r o l  t h e  system, t h a t  it is an a i d  t o  t h e m ,   n o t   t h a t   t h e y  are  
c o n t r o l l e d  by it. The s y s t e m   d e s i g n e r s  m u s t  t a k e  care t h a t  t h e   p r o c e s s e s  
embodied i n   t h e   d a t a   b a s e  and t h e   a p p l i c a t i o n s  b u i l t  around it d o n ' t  become 
so r i g i d   o r   s t y l i z e d   t h a t   t h e y  res t r ic t  e n g i n e e r i n g   c r e a t i v i t y .  

Ano the r   po ten t i a l   p rob lem is c o n t r o l l i n g   d a t a   a t   t o o   l o w  a l eve l .  For 
e x a m p l e ,   a c c e s s   a n d   r e v i s i o n   c o n t r o l s   c o u l d  be a p p l i e d   t o   d a t a   f o r   a n  
e n t i r e   p r o j e c t ,   t o   d a t a   f o r   e a c h   s u b - a s s e m b l y   o r   t o   e a c h   d a t a  item i n  t h e  
e n t i r e   d e s i g n .   E x p e r i e n c e   h a s  shown t h a t  it is be t te r  t o   c o n t r o l   t o  no 
l o w e r   t h a n   t h e   s c o p e   o f   r e s p o n s i b i l i t y   o f  a s i n g l e   i n d i v i d u a l .   I n   t h e  I D E A  
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System, a fundamen ta l   dec i s ion  was made t o  force t h e  logical  d e s i g n  of 
p r i n t e d  c i r cu i t  b o a r d s  t o  be always i n  ,agreement w i t h  the  p h y s i c a l  design 
and t o   l o c k   t h e s e  two t o g e t h e r   i n  the d a t a  base. However t h e   p r i n t e d  
c i r c u i t   l a y o u t   d e s i g n e r s  are o f t e n   c a l l e d  upon t o  make changes t o  t h e   l o g i c  
d e s i g n .  The d e c i s i o n   t o   c o n t r o l   l o g i c  a n d   p h y s i c a l   d e s i g n   t o g e t h e r   f o r c e d  
t h e   l a y o u t   d e s i g n e r s   t o  make a l l  l o g i c   c h a n g e s   b y   p u t t i n g   t h e   l a y o u t  da t a  
b a c k   i n t o   t h e  da ta  base, e d i t i n g   t h e   l o g i c  a n d   r e - e x t r a c t i n g   t h e   p h y s i c a l  
da ta .  This  becomes a v e r y  time consuming  process ,   even for t r i v i a l  
changes.  A much bet ter  approach  might   have  been t o  allow l o g i c   c h a n g e s  
du r ing   l ayou t   and   t hen   g ive  tools  t o  t h e   d e s i g n e r   f o r   f i n d i n g   d i s c r e p e n c i e s  
b e t w e e n   t h e   l o g i c a l   a n d   p h y s i c a l   i m p l e m e n t a t i o n s  a f te r  the f a c t .   W i t h i n  
t h e  s c o p e   o f   h i s   r e s p o n s i b i l i t y ,   t h e   d e s i g n e r  would  then  have  the  f reedom 
t o  do h i s   e n t i r e   j o b   e f f i c i e n t l y .  It should a lso be n o t e d   t h a t   s y s t e m  
d e s i g n   d e c i s i o n s   o f   t h i s   s o r t   a r e   v e r y   f u n d a m e n t a l ,   t h e y   t e n d  t o  p ropaga te  
i n t o  many o f   t h e   s y s t e m   u t i l i t i e s  and a p p l i c a t i o n s ,   a n d  are t h e r e f o r e   v e r y  
d i f f i c u l t  a n d   e x p e n s i v e   t o  correct a f te r  t h e  i n i t i a l   i m p l e m e n t a t i o n .  

5 )  R e c o g n i z e   d i f f e r e n c e s   b e t w e e n   s t e p   e f f i c i e n c i e s  and  process  
e f f i c i e n c i e s .  

Many of  t h e  companies   contemplat ing t h e  imlemen ta t ion   o f   an  IPAD 
system will a l r e a d y  be u s i n g  some CAD t o o l s .   I n   g e n e r a l   t h e s e  CAD t o o l s  
will have  been b u i l t  t o   a u t o m a t e  some p a r t i c u l a r   s t e p   i n  the e n g i n e e r i n g  
p r o c e s s  wi th  a concomitant  improvement  in time and c o s t   f o r   t h a t   p a r t i c u l a r  
s tep.   For   example,   turnkey  Computer  Aided Dra f t ing   sys t ems   have  become 
q u i t e   p o p u l a r   i n  t h e  m a n u f a c t u r i n g   i n d u s t r i e s   b e c u s e   t h e y   c a n  be shown t o  
improve  drawing  costs  and times varying  f rom 2: 1 t o  1O:l o r  better 
depending on t h e  types   o f   d rawings   be ing   p roduced .  

A f i r s t  l e v e l   o f   i n t e g r a t i o n   c a n  be achieved by t y i n g   t o g e t h e r  a s e t  
o f   i n d i v i d u a l  CAD t o o l s  w i t h  t r a n s f e r  f i l e s  o f   d a t a .   T h i s   i n   t u r n   p r o v i d e s  
some improvement i n  t h e  o v e r a l l   p r o c e s s  by e l i m i n a t i n g  some manual   s teps .  
However t h e  IPAD a p p r o a c h   o f   u s i n g   a n   i n t e g r a t e d   d e s i g n   d a t a  base goes well 
beyond t h e  t r a n s f e r  f i l e  approach.  It h a s   b e e n   e s t i m a t e d   t h a t  an 
i n t e g r a t e d  Computer Aided Design  system, such  as  one based on I P A D  h a s  t h e  
p o t e n t i a l   t o   p r o v i d e   s a v i n g s  of up t o  30% o f   t h e   o v e r a l l   e n g i n e e r i n g  
e f f o r t .  While 30% may seem a much s m a l l e r  number t h a n  l O O O % ,  it shou ld  be 
k e p t   i n  mind t h a t  30% o f  t h e  c o s t   o f   a n   e n t i r e  new a i r p l a n e   e n g i n e e r i n g  
p r o j e c t  is  a v e r y  substantial f igure ,  as opposed t o  1000% o f  t h e  cost of 
c r e a t i n g  a p a r t i c u l a r   t y p e   o f   d r a w i n g  

The r i s k  is t h a t   i n   o r d e r  t o  a c h i e v e   t h e   l a r g e   p r o c e s s   i m p r o v e m e n t s   o f  
a n   i n t e g r a t e d   s y s t e m ,  it sometimes  becomes  necessary t o  de-opt imize   o r  add 
o v e r h e a d   t o   c e r t a i n   i n d i v i d u a l   p r o c e s s   s t e p s .   F o r   e x a m p l e ,  i f  a 
s t a n d - a l o n e  CAD program is a l r e a d y   i n   u s e ,   i n t e g r a t i o n  of t h a t  program will 
c a u s e  a new s t e p ,   d a t a  base e x t r a c t  a n d   u p d a t e ,   t o  be added t o   t h e   u s e r ' s  
t a s k s .   A l s o   c o n t r o l   m e c h a n i s m s ,   s u c h   a s   r e p l a c i n g  a g e n e r i c   p a r t s   l i b r a r y  
w i t h  a s t a n d a r d   p a r t s   l i b r a r y   i n  a n   a p p l i c a t i o n ,  may add t o  t h e  i n f o r m a t i o n  
a user   must   supply  and limit h i s   f r e e d o m   a n d   f l e x i b i l i t y  somewhat. It is 
i m p e r a t i v e   t h a t   b o t h   s y s t e m   d e v e l o p e r s   a n d  users u n d e r s t a n d   v e r y   e a r l y   i n  
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t h e   s y s t e m   d e s i g n   t h e  trade-offs made t o  gain  process   eff ic iencies  a t  t h e  
c o s t   o f   p r o c e s s   s t e p   o v e r h e a d s .  If the  user   community does no t   unde r s t and  
and   agree  t o  such  trade-offs,  system  acceptance w i l l  inevi tably  be much more 
d i f f i c u l t  t o  o b t a i n .  

6) Top  management  commitment is r e q u i r e d .  

The impetus  for most  Computer Aided D e s i g n   e f f o r t s   g e n e r a l l y  comes 
f r o m   t h e   l o w e r   l e v e l s  of e n g i n e e r i n g  management. That i s  where t h e  
ind iv idua l   des ign   p rob lems  m u s t  be so lved .  B u t  a n   i n t e g r a t e d  CAD system 
can be success fu l ly   imp lemen ted  i f  t h e   h i g h e s t   l e v e l s   o f   e n g i n e e r i n g  
management  and  beyond a r e   n o t   o n l y   a w a r e   o f   t h e   s y s t e m ,  b u t  committed t o  
it. There are a t  l ea s t  t h r e e   r e a s o n s   f o r   t h i s .   F i r s t ,   a n   i n t e g r a t e d  CAD 
system will be   an   expens ive   p ro j ec t   and  will i n e v i t a b l y   r e q u i r e   t o p  
managemen t   s ign -o f f .   Second ,   t he   r e sources   needed   and   t he   peop le   a f f ec t ed  
by such a system will span a l l  o f   t h e   e n g i n e e r i n g   o r g a n i z a t i o n .   G e n e r a l l y  
the d r i v e  t o   o b t a i n   t h o s e   r e s o u r c e s  will h a v e   t o  come from t h e  t o p .  Third, 
t h e   o v e r a l l   e n g i n e e r i n g   p r o c e s s  and   major   func t ions  will be changed  by  an 
i n t e g r a t e d  CAD system.  Compromises w i l l  h a v e   t o  be made between  process  
e f f i c i ency   improvemen t s   and   p rocess   s t ep   de -op t imiza t ion .   Organ iza t iona l  
c h a r t e r s  will change  and some groups may h a v e   t o  be reorganized .   Changes  
a t   t h i s   l e v e l   c a n   o n l y  come from  top  management, who u n d e r s t a n d s   t h e   e n t i r e  
system and canno t  be d r i v e n  by CAD d e v e l o p e r s .  

One word o f   warn ing :   don ' t   ove r se l l   t he   sys t em.  It is a l l   t o o   e a s y  
f o r  a g roup   o f  CAD d e v e l o p e r s   t o   a l l o w   t h e i r   e n t h u s i a s m   f o r  t h e i r  p r o j e c t  
g i v e   t o p  management  an u n r e a l i s t i c  se t  o f   e x p e c t a t o n s .  The v i s i o n   o f   t h e  
p o t   o f   g o l d  may make it easier  t o   o b t a i n  t h e  n e c e s a r y   r e s o u r c e s   t o   g e t  t he  
p r o j e c t   s t a r t e d .  B u t  i n   t h e   l o n g   r u n  it is f a r  easier t o   f a c e   ( a n d   h e l p )  a 
user d i s a p p o i n t e d   w i t h   t h e   p e r f o r m a n c e   o f   h i s   a p p l i c a t i o n   t h a n  it is t o  
f a c e  a v i c e - p r e s i d e n t   d i s a p p o i n t e d   i n   t h e   p e r f o r m a n c e   o f   h i s   s y s t e m .  

7 )  D o n ' t   f o r g e t   t h e   o p e r a t i o n a l   r e q u i r e m e n t s .  

Fo r   an   i n t eg ra t ed  CAD s y s t e m   t o  be e f f e c t i v e  and  worthwhile,  it m u s t  
n o t   o n l y  be well designed  and well implemented, b u t  a l s o  well run .   Th i s  
i m p l i e s  a g r e a t   d e a l   o f   p l a n n i n g  and e f f o r t   b o t h  before and a f t e r  t h e  
system is  f i rs t  released. 

As the   sys t em is b e i n g   b u i l t ,   a p p r o p r i a t e   h a r d w a r e  will have t o  be 
procured  and f a c i l i t i e s  p r e p a r e d .   O p e r a t i n g   p r o c e d u r e s   f o r   t h a t   h a r d w a r e  
will h a v e   t o  be developed.  The un ique   a spec t s   o f   an  IPAD system - a 
d i s t r i b u t e d   n e t w o r k   o f   d i s s i m i l a r   p r o c e s s o r s ,   h e a v y  use o f   i n t e r a c t i v e  
g r a p h i c s ,   v e r y   l a r g e   d i s t r i b u t e d  d a t a  b a s e s ,  a h i g h   p r o p o r t i o n   o f  
compute-bound t a s k s  - mean t h a t   s t a n d a r d  EDP o p e r a t i o n s   p r o c e d u r e s  will n o t  
app ly .  Is the n e t w o r k   s u f f i c i e n t l y   r e d u n d a n t ?  Is t a p e   d r i v e   p e r f o r m a n c e  
s u f f i c i e n t   t o   p r o v i d e   d a i l y   b a c k u p ?  How do users j o b   p r i o r i t i e s   g e t  
a s s i g n e d ? .  The a n s w e r s   t o   t h e s e   t y p e s   o f   q u e s t i o n s  will be d i f f e r e n t   f o r  
a n   i n t e g r a t e d  CAD sys t em  than   fo r  a n o r m a l   b u s i n e s s - t y p e   d a t a   p r o c e s s i n g  
system.  But CAD p e o p l e  are t y p i c a l l y   n o t   u s e d   t o   a s k i n g   s u c h   q u e s t i o n s  and 
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EDP p e o p l e  may n o t   r e a l i z e   t h e   u n i q u e n e s s  of t h i s   t y p e  of a p p l i c a t i o n  
sys tem.   The   sys tem  managers  w i l l  h a v e  t o  d e v e l o p  a new set  of backup and 
r e c o v e r y   p l a n s ,   c o n t i n g e n c y   p l a n s ,   m a i n t e n e n c e   p l a n s ,   p e r f o r m a n c e   a n a l y s i s  
p r o c e d u r e s ,  e tc . ,  t o  assure t h a t  the system runs smoothly w i t h  adequate 
r e s p o n s e  time and a minimum of downtime  and l o s t  d a t a .  

A n o t h e r   i m p o r t a n t   p a r t  of d a y - t o - d a y   o p e r a t i o n  of a n   i n t e g r a t e d  CAD 
s y s t e m  is u s e r   t r a i n i n g .   S i n c e   b o t h   t h e   i n d i v i d u a l  CAD t o o l s  a n d   t h e  
o v e r a l l   s y s t e m  will t e n d  t o  be  complex,  it is v e r y   i m p o r t a n t   t h a t   t h e  ,users 
b e  well t r a i n e d  t o  t a k e  maximum a d v a n t a g e  of t h e  p o w e r   t h e y   h a v e   a v a i l a b l e .  
I n   t h e  IDEA Sys tem,  a t r a i n i n g   p l a n  was d e r i v e d   a b o u t  midway t h r o u g h   t h e  
d e v e l o p m e n t   c y c l e .   H i g h   l e v e l  users were b r o u g h t  i n  t o  l e a r n  t he  s y s t e m  
a n d   t h e n   d e v e l o p   t h e   c o u r s e s  t o  b e   g i v e n  t o  t h e  rest of t h e  user community. 
C o u r s e s   i n c l u d e d   b o t h   s y s t e m   o v e r v i e w s   a s  well as  i n - d e p t h   t r a i n i n g  on 
i n d i v i d u a l   a p p l i c a t i o n s .  When t h e   s y s t e m  was f i r s t  r e l e a s e d   t h e r e  were 
t r a i n e d   u s e r s   r e a d y  t o  g o .   T r a i n i n g   c o u r s e s   h a v e   c o n t i n u e d   o n  a r e g u l a r  
b a s i s   s i n c e   t h e n  t o  t r a i n   b o t h  new p e r s o n n e l   a n d   t h o s e   a t  s i tes j u s t  
s t a r t i n g  t o  u s e   t h e   s y s t e m .  

The   use  of d e s i g n   a n d   e n g i n e e r i n g   p e r s o n n e l  ( a s  opposed t o  t h e  
d e v e l o p e r s )   t o  write a n d   t e a c h   t h e   c o u r s e s   p r o v e d   v e r y   e f f e c t i v e .   N o t   o n l y  
were t h e y   m o r e   c a p a b l e  of t r a n s l a t i n g   t h e   s y s t e m   c a p a b i l i t i e s   i n t o   t h e  
u s e r s '   ' l a n g u a g e '  , b u t   a l s o   t h e y  were a b l e   t o   d e v e l o p   t e c h n i q u e s  for u s i n g  
t h e   s y s t e m   b y   p u t t i n g   t o g e t h e r   c o m b i n a t i o n s   o f   i n d i v i d u a l   s i m p l e  commands 
or f u n c t i o n s   t o   s o l v e   p a r t i c u l a r   d e s i g n   p r o b l e m s   a n d   t h e n   t e a c h i n g   t h e s e  
t e c h n i q u e s   a s  well. T h e   c o u r s e   d e v e l o p m e n t   d u r i n g   s y s t e m   d e v e l o p m e n t   a l s o  
p r o v i d e d   a n o t h e r   v e r y   e f f e c t i v e   s y s t e m  t e s t  and   des ign   improvemen t   f eedback  
mechanism. 

A f i n a l   p o i n t   t o   k e e p   i n  mind is t h a t  a CAD s y s t e m  will b e   c o n s t a n t l y  
c h a n g i n g   b e c a u s e  t h e  t e c h n o l o g y   w i t h   w h i c h  it d e a l s  is  c o n s t a n t l y   c h a n g i n g .  
S y s t e m   e v o l u t i o n  will g o  most s m o o t h l y  i f  t h e   i n t e r a c t i o n   b e t w e e n  
d e v e l o p e r s   a n d   u s e r s   w h i c h   w a s   e s t a b l i s h e d   d u r i n g   s y s t e m   d e s i g n   a n d  
development  is  m a i n t a i n e d .  One a p p r o p r i a t e  way of a c c o m p l i s h i n g   t h i s  i s  
s e t t i n g  up a p p l i c a t i o n s   o r i e n t e d   u s e r s   g r o u p s .   S u c h   g r o u p s   c a n   p r o v i d e   a n  
exce l len t  s o u r c e  of i d e a s   f o r   s y s t e m   e n h a n c e m e n t s ,   f o r   s e t t i n g   p r i o r i t i e s  
and f o r   e x c h a n g i n g   t e c h n i q u e s   a n d   e x p e r i e n c e s .  To make   such   groups   even  
more e f f e c t i v e ,   t h e y   c a n   b e   g i v e n   t h e   f i n a l   a p p r o v a l   a u t h o r i t y  for  a l l  
s y s t e m   e n h a n c e m e n t s   i n   t h e i r   p a r t i c u l a r   d i s c i p l i n e   a r e a s .  

4. Summary 

The i n t e r e s t   i n  a n d   p r e s s u r e  t o  d e v e l o p   a n   i n t e g r a t e d  CAD s y s t e m  
a l m o s t   a l w a y s  comes from a c o m b i n a t i o n  of CAD t o o l   u s e r s   a n d  CAD t o o l  
d e v e l o p e r s .   F a r  t o o  f r e q u e n t l y ,   h o w e v e r ,   s u c h   i n d i v i d u a l s  a r e  n o t  
p a r t i c u l a r l y   k n o w l e d g e a b l e  i n  t h e   d e v e l o p m e n t  of a p p l i c a t i o n s   s y s t e m s   a n d  
t h e   t y p e s  of issues r a i s e d  by t h e  maxims we h a v e   p r e s e n t e d   a r e   o f t e n  
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overlooked. If we have  any  single  recommendations t o  g ive  t h e  p o t e n t i a l  
IPAD developer ,  it would be t o  be s u r e   t o   i n c l u d e   s y s t e m s   p r o f e s s i o n a l s ,  
even  though  they  have no CAD o r   e n g i n e e r i n g   e x p e r t i s e ,  on the  development 
team. 

This  paper has dea l t   w i th   t he   po ten t i a l   p rob lems   o f  an i n t e g r a t e d  CAD 
system. It is i n t e n d e d   t o  be t a k e n   i n   t h e   s p i r i t   o f   p r e v e n t a t i v e   m e d i c i n e .  
For a l l  of t h e  p r o b l e m s ,   d i f f i c u l t i e s  and m i s t a k e s   i n  I D E A ,  there has  been 
a t r e m e n d o u s   b e n e f i t   t o   D i g i t a l  Equipment from t h e  I D E A  p r o j e c t .  We would 
expect  a s i m i l a r   b e n e f i t   f o r  any  aerospace company implementing an IPAD 
system. We hope t h a t   c o n s i d e r a t i o n   o f  t h e  maxims we have  presented will 
make that   implementat ion a b i t  e a s i e r .  

294 



IPAD:  AS IT RELATES TO  THE  UTILIZATION OF CAD/CAM IN GENERAL  MOTORS 

SYNOPSIS 

Betsy  Ancker-Johnson 
Environmental  Activities  Staff 
General  Motors  Corporation 

GM  has  held  a  leadership  position  for  over 20 years  in  the  development  and 
application  of  computer-aided  design/computer-aided  manufacturing.  Design 
graphics  and  related  tooling  computer  software  development  alone  have  received 
upwards  of $50 million  in  funds,  and  major  new  activities  are  operating  or  under 
development  today. 

The  return on this  investment,  in  terms  of  over 600 computer  graphics  con- 
soles  in  daily  operation  on  product  and  tooling  engineering  applications,  has 
been  realized  several  times  over;  and  there  is  no  doubt  in  the  minds  of  GM 
management  that  these  computer  applications  are  among  the  most  successful  ever 
undertaken.  The  fact  remains,  however,  that  GM's  needs  are  only  partially  met 
by  internal  development;  and  we  are  a  major  purchaser  of  turnkey  graphics 
systems,  approximately $10 million  annually,  with  about  half  of  our  consoles 
being  of  this  type.  The  seeming  contradiction  between  a  completely  successful 
internal  GM  program  and  a  voracious  appetite  as  a  consumer  in  the  marketplace 
is  the  subject  of  this  paper. 

The  pressure to utilize  the  productivity  of  computers  starts,  of  course, 
with  the  unprecedented  need to design  and  manufacture  new  automotive  products 
on  a  scale  never  seen  before.  GM  has  stated  recently  that  it  will  spend 
$40 billion  over  the  next  five  years  on  its  product  program  and  facilities  to 
retain  its  transportation  leadership.  As  all  of  you  have  read  in  the  newspapers 
recently,  the U.S. automotive  business  is  battling  to  remain  viable  and  compete 
favorably  with  other  world  automotive  centers. 

The  other  world  automotive  centers  do  not  have  a  technological  lead  on  the 
U.S. industry.  GM  has  every  intention  to  see  that  this  foreign  competition  does 
not  become  the  technological  leader,  especially  in  the  engineering  activities. 
The  goal  of IPAD is to  increase  productivity  through  the  total  integration  of 
computer-aided  engineering  functions,  and  we  are  very  supportive  of  this 
activity.  A  system  that  will  integrate  and  manage  product  design  data,  program 
management  information,  technical  computation,  and  other  engineering  data  man- 
agement  is  essential to our success  at  maintaining  this  leadership  role. 

Returning  to  the  role  of  CAD/CAM,  the  automotive  business  has  many  require- 
ments  similar  to  aerospace, but some  major  differences  also.  Manufacturing 
volume is totally  different,  hundreds of thousands  vs.  hundreds, so consequently 
the  CAM  portion  of  CAD/CAM  is  mainly  directed  toward  automotive,tooling  and 
rarely  toward  the  production  of  actual  parts.  Therefore,  the  'comparison  of 
aerospace  and  automotive  becomes  more  direct  when you  substitute  the  production 
of  automotive  tools  with  the  production  of  product  parts  in  aerospace. 
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The CAD port ion  of  CAD/CAM i n  automotive  product  engineering  spans  the 
o r i g i n a l   p a r t   d e f i n i t i o n ,   a n a l y s i s  and test  o f   p ro to type   pa r t s ,  and par t  models. 
P a r t   d e f i n i t i o n  and physical  models are given t o  manufacturing  engineering  in 
o rde r   t o   des ign  and  produce ac tua l   too l ing .   This  subject i s  discussed la ter .  

The success  of CAD in   product   engineer ing starts w i t h   t h e   a b i l i t y   t o   r e p -  
r e s e n t   t h e  geometry of p a r t s   w i t h i n   t h e  computer.   Since  the  early ~ O ' S ,  GM has 
successful ly   used " w i r e  frame''  models ( l ines  with surface i n t e r p o l a t i o n  between 
t h e   l i n e s )   t o   r e p r e s e n t   f r e e  form shapes  which  comprise  the  bulk  of  automotive 
body par t s .   Representa t ions  of t he  more analytic  shapes  found  in  engines and 
chass i s  components are hand led   pa r t i a l ly  by commercially  available  mechanical 
design  systems. A l a r g e  number of   ana ly t ic   shapes   requi re   representa t ion  as 
s o l i d s  and GM is ac t ive ly   deve lop ing   t h i s   capab i l i t y .   U l t ima te ly ,   a s   i n   ae ro -  
space,  our  needs w i l l  no t  be completely  satisfied  unti l   computer  data  bases  are 
f l u e n t   i n  a l l  forms  of  data. W e  s t rongly   suppor t   the  IPAD e f f o r t s   t o   d e v e l o p ,  
demonstrate,  and  promote r equ i s i t e   da t a   base   capab i l i t y   i n  a l l  commercial com- 
puter  systems. 

Design,   analysis ,  and the   t e s t ing   o f   p ro to type   pa r t s  and  complete  auto- 
motive  vehicles  have become much more complementary wi th   the  types of   ana lys i s  
t h a t  can  be  performed  today.  Structural   analysi  , i n   p a r t i c u l a r ,  which came t o  
the  automotive  business  largely  through NASTRAN 6 and t ransplanted  aerospace 
engineer ing,   has   been  responsible   for  much of  our  savings n weight.  Approxi- 
mately 300 GM engineers   a re  now in tens ive ly   us ing  NASTRAN 0 through 
GM-developed g raph ic   a ids   fo r  making f i n i t e  e lement   models ,   in terfacing  to  
NASTRAN @ , and  reviewing resul ts .  

Other   design  analysis   techniques are not  used as ex tens ive ly  as s t ruc -  
t u r a l   a n a l y s i s  which  has  been so bas i c  t o  our   cur ren t  mass reduction  program. 
The problem is tha t   au tomot ive   p roduct   cyc les   a re   cons iderably   t igh ter   than  
those   in   aerospace ,  and time is  a v a i l a b l e   f o r  a l i m i t e d  amount of   ana lys i s  
genera l ly  when an absolute  need i s  demonstrated.   In  the  case  of  structural  
analysis ,   both  the  need and t h e   t e c h n i c a l   a b i l i t y  t o  process   jobs  quickly 
(graphics ,  NASTRAN @ , etc.)  arr ived  s imultaneously so tha t   p roduct   schedules  
were n o t   g r e a t l y  compromised. The awareness  of  need f o r  many o t h e r  forms  of 
ana lys i s   (aerodynamics ,   fa t igue ,   k inemat ics ,   s ta t i s t ica l   s imula t ions ,   e tc . )  i s  
growing in   the   au tomot ive   indus t ry ,   bu t   the   cur ren t   too ls   a re   usable  by only a 
r e l a t i v e l y  few expe r t s ,  and t h e s e   r e s u l t s  are of ten  not   responsive t o  product 
schedules.  The IPAD program  through  the  standardization  of  data  forms  and 
accessing methods w i l l  i n c r e a s e   t h e   u t i l i t y   o f   t h e s e   a n a l y s i s   t o o l s .  The U.S. 
automotive  industry  needs  these  improvements t o   g a i n  and maintain a s i g n i f i c a n t  
lead i n  technology  over our foreign  competit ion.  

Automotive  product  engineers pass par t  def in i t ion   to   manufac tur ing   engi -  
neers   through  physical   par t   models ,   t radi t ional   drawings,  and increas ingly  
through  computer  data  transfer when t h e   p a r t   o r i g i n a t e s   w i t h i n   t h e  computer 
systems. Between one-quarter to   one- th i rd   o f  GM p a r t s   a r e   a i d e d  by t h e  com- 
p u t e r   i n   t h e   d e s i g n   s t a g e  and t h i s  number grows cont inua l ly .  When t h e   p a r t s  
are  developed  through  computer-aided  design,  models are produced  through N/C 
machining  and  drawings  produced  through  automated  drafting  machines. The 
economics of today's  computers  allows GM t o   e f f e c t  a cost reduct ion on t h e   p a r t  
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design  alone  but  the  automated  models and drawings  represent 80-90% of   the 
t o t a l   s a v i n g s   i n   d o l l a r s   a n d ,   j u s t  as impor t an t ly ,   i n   l ead  time i n   t h e  manufac- 
tu r ing   process .  

The manufacturing  engineering  function  for GM, r e spons ib l e   fo r   t oo l   des ign  
and too l   p roduct ion ,  i s  charac te r ized  by 

1. Exist ing  approximately  half   wi thin GM and ha l f   ou t s ide  

2 .  Possessing a l a r g e  component  of mechanical   design  in   their  work 

3. At t rac t ing   tu rnkey   graphics   sys tems  to   au tomate   the i r  work 

4 .  Being f r u s t r a t e d   t h a t  computer-designed p a r t   d a t a  i s  not  more r e a d i l y  
usable .  

These  concerns are similar t o  those  of  an  aerospace  subcontractor  which IPAD 
includes  within i t s  spec i f i ca t ion .  

The immediate data   t ransfer   problems  to/from  subcontractors   with  turnkey 
graphics  systems  are  being  approached  through  the  Lnitial   graphics Exchange 

Standards  and  industry. GM o f f i c i a l l y   s u p p o r t s  IGES as  does I P A D ,  and w e  
encourage IPAD t o   d e a l   w i t h   t h e   d a t a  exchange i s s u e  on a long-term  basis. 

- Speci f ica t ion  ( IGES)  through  the  cooperation  of  the  National  Bureau  of 

In   the  panel   discussion,  a member of G M ' s  Guide Div i s ion   de t a i l s   t he   u se  
of CAD/CAM from the   po in t  of  view  of a subcont rac tor   to   our   car   d iv is ions  
(see  paper 27 of t h i s   compi l a t ion ) .  Guide i s  a suppl ier   of  a l l  lamps  and some 
s o f t   f a c i a  bumper systems  in  the  Corporation and is  both a use r  of  our  Corporate- 
developed  graphics  system and purchased  turnkey  systems. W e  a r e   con f iden t   t ha t  
Guide's  extensive  experience as a CAD/CAM u s e r  w i l l  i l l u s t r a t e   advan tages  and 
p o s s i b l e   p i t f a l l s .  

In  summary, GM has   r ea l i zed   ex tens ive   bene f i t s  from CAD/CAM technology 
even  though a t  this  t ime  our  systems are no t   fu l ly   i n t eg ra t ed .  GM and the  
r e s t  of t h e  U.S. automotive  industry,   as   wel l  as the   aerospace   indus t r ia l  com- 
p l ex ,  must  be a b l e   t o  implement the  basic  concepts  of IPAD i n   o r d e r   t o   t a k e  
full advantage  of  the  expansion  of CAD/CAM into  every  phase  of  our  engineering 
business .  These  concepts  must  include 

A fu l ly   i n t eg ra t ed   da t a   base  

A communications  package for   d i s t r ibu ted   sys tems  in   our  own shops  as 
wel l  as with  our   suppl iers  

Encouragement f o r   t h e  development and appl ica t ion   of  a s o l i d  modeling 
system t o  supplement  the w i r e  frame  technology 
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Appreciating  the  similarities and the  differences  between  the  automotive 
and  aerospace  businesses,  we  at GM realize  that  the  scope of this  project  takes 
the  implementation  outside of the  range of a company  even  as  large  as GM. We 
join  industry  as a whole in supporting IPAD and  related  activities  which  will 
bring  the  promises  of  increased  productivity  to  reality. 
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TURNKEY CAD/CAM SELECTION AND EVALUATION 

TED MOODY 
THE CESSNA  AIRCRAFT COMPANY 

SUMMARY 

This   paper   deals   with  the  prel iminary  determinat ion  of   candidate   integrated 
design  systems,   benchmark  evaluat ions,   and  ul t imate   select ion  through  an  evalu-  
a t i o n   m a t r i x .  

INTRODUCTION 
, , I  

When i t  becomes apparent   to   Engineer ing  Management t h a t  methodology  changes 
must  be made i n   o r d e r   t o   s t a y   c o m p e t i t i v e   i n   t h e   m a n u f a c t u r i n g   b u s i n e s s ,  one  of 
the   cons idera t ions   in   tha t   methodology i s  immedia te ly   ident i f ied  as computer 
a i d e d   i n t e r a c t i v e   g r a p h i c s .   E a r l y   o n ,  one of t h e   q u e s t i o n s   t h a t  must  be  asked 
and  answered i n   t h e s e   c o n s i d e r a t i o n s  is the  question  involving  mini-computer 
sys tems  or  main-frame  based  systems.  Another  question  that  must  be  asked  and 
answered i n   t h e s e   c o n s i d e r a t i o n s  is  the   ques t ion  of u se r   i n t eg ra t ed   o r   t u rnkey  
systems. The i n i t i a l   i n v e s t i g a t i o n   g e n e r a l l y   c a n   b e  done  by analyzing  individ-  
u a l  company needs  and  expectations  and  comparing  those  needs  with  existing  sys- 
tems i n  place a t  e i ther   compat ible   or   compet i t ive  companies .   In   the  case  of  
Cessna,  most  of t h i s   i n i t i a l   e v a l u a t i o n  w a s  done by way of   te lephone  contacts  
w i th   ex i s t ing   u se r   compan ies .   Add i t iona l ly ,   i n   t he  case of  Cessna  one  of  the 
ear ly-on  requirements   es tabl ished w a s  t h a t   o f   b e i n g   a b l e   t o   d i r e c t l y   c o n v e r t  
t he   eng inee r ing   da t a   base   t o   da t a   u sab le  by the  Tooling  Department  for  the  pur- 
pose  of   manufactur ing  product ion  tools .  With the  preponderance  of  both  mini- 
computer  and  main-frame  systems in   ex is tence ,   and   pro l i fe ra t ion   of   computer  
a ided   g raph ic   sys t ems   t ha t   has   t aken   p l ace   i n   r ecen t   yea r s ,  i t  is i m p o r t a n t   t o  
i d e n t i f y  company requirements  s o  that   they  can  be  matched  with a gene ra l   gene r i c  
type   o f   in te rac t ive   g raphics   sys tem  such  as u s e r   i n t e g r a t e d  main-frame,  turnkey, 
mini-computer  and so on. I n   t h e  Cessna Pawnee Div is ion  case, i t  became apparent  
when consider ing  our   requirements   that   the   turnkey,   mini-computer   system  should 
b e   t h e  area on  which  our  search  and  evaluation  concentrated.  A s  a r e s u l t ,   o u r  
ini t ia l   invest igat ion  turned  towards  mini-computer   systems,   however ,   because  of  
rapid  developments   that  came a l o n g   t h i s   e v a l u a t i o n  w a s  expanded t o   c o n s i d e r  
s p e c i a l i z e d  main-frame in t e rac t ive   sys t ems  a t  v a r i o u s   p o i n t s   i n   t h e   e v a l u a t i o n .  
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SYSTEM EVALUATION 

S a l e s   L i t e r a t u r e  

S a l e s   l i t e r a t u r e  i s  one   o f   t he   i n i t i a l   sou rces   o f   i n fo rma t ion   abou t  a par- 
t i c u l a r   s y s t e m   a n d   o f f e r s   t h e   f i r s t   o p p o r t u n i t y   t o   n a r r o w   t h e   f i e l d   o f   c o n t e n -  
d e r s   t o  a manageable  number.  This assumes the   eva lua t ion  team is  a l r eady  some- 
what   knowledgeable   about   the  f ie ld .   For   the  unini t ia ted,   the   plethora  of  
brochures   and   technica l   descr ip t ions   l eaves   the  team i n   t h e   r a t h e r  muddled s t a t e  
of l i k ing   bes t   t ha t   sys t em  desc r ibed  l a s t .  However, i f   t h e   a p p l i c a t i o n s  areas 
are reasonably w e l l  l a i d   o u t  and  the  requirements  created by those   app l i ca t ions  
are k e p t   i n  mind,  enough  information  can  be  gleaned  from  the  marketing  efforts 
of  the  competing  companies to   r ecogn ize   obv ious   de f i c i enc ie s   i n   ma jo r  a p p l i c a -  
t i o n s  areas. For  example,  our  requirement  that a CAD/CAM sys tem  be   usefu l   bo th  
in   des ign   and   manufac tur ing   of   our   p roduct   p laced  a high premium on a three-  
dimensional  data  base  and  Numerical  Control  software.  We deemed these  a neces- 
s i t y   fo r   t he   l ayou t   and   des ign   func t ion   and   fo r   t he   gene ra t ion  of N / C  t o o l   p a t h s  
fo r   pa r t   t oo l ing .   The re fo re   sys t ems  whose sales informat ion   ind ica ted   weakness  
i n   t h e s e  areas could  be  dropped  f rom  fur ther   considerat ion  with  an  acceptable  
r i s k .  

Demonstrations 

Once the  apparent   match  of   system  requirements   and  capabi l i t ies  by sales 
l i t e r a t u r e   h a s   b e e n   c a r r i e d  as f a r  as p r a c t i c a l   a n d  a number  of candidates   have 
survived  the  weeding  out   process ,   the   evaluat ion  can move to   t he   nex t   phase .  
The number of   candida tes   in   th i s   phase   depends  on how e f f e c t i v e   t h e   e v a l u a t i o n  
team f inds   t he  sales l i t e r a t u r e   i n   n a r r o w i n g   t h e   f i e l d  and on the   o rgan iza t ion ' s  
t r a v e l   b u d g e t   s i n c e   t h i s   p h a s e   c a l l s   f o r   v i s i t s   t o   l i v e   d e m o n s t r a t i o n s   o f   t h e  
system  operation.  There are two types  of   these  demonstrat ions,  "dog and pony" 
shows  by the  vendor 's   market ing  organizat ion  and  observat ion of product ion sites 
i n   t h e   f i e l d .  The marke t ing   e f fo r t s  come i n  two v a r i e t i e s ,   d i s t r i c t  sales 
of f ices   wi th   demonst ra t ion   sys tems  ins ta l led  and t r a d e  shows such as t h e  
CAD/CAM VI1 show i n   D e t r o i t  las t  f a l l .   T h e r e  are two avenues   t o   t he   u se r  sites 
as w e l l ,  t h e   r e l a t i v e l y   i n f o r m a l  v i s i t  t o  a u s e r s   i n s t a l l a t i o n   o r  a p o s s i b l e  
i n v i t a t i o n   t o  a formal  users  group  meeting. Each  of t hese  areas has  its own 
advantage. They a l l  g ive   t he   oppor tun i ty   t o   ve r i fy   o r   nega te   t he   impress ions  
obtained  from  the sales con tac t s .  The vendor  demonstrations are q u i t e   p o l i s h e d  
and f l a s h y  and w i l l  t end   t o   g los s   ove r   sho r t comings   i n   pe r fo rmance  and  accen- 
t u a t e   t h e   s t r o n g e r   p o i n t s .  The user   demonstrat ions on t h e   o t h e r  hand  quickly 
ge t  away from the  system  performance  and  tend t o   c o n c e n t r a t e  on the  vendors  
support  performance. The users   group  meet ings  can  yield a g r e a t   d e a l  of 
e x p o s u r e   t o   t h e   g e n e r a l   a t t i t u d e  and s p e c i f i c   c o m p l a i n t s   t h a t   e x i s t   i n  a p a r t i c -  
u la r   vendor ' s   user  community. This  i s  a l l  va luable   in format ion   to   the  would-be 
purchaser  and  must  be r e l i a b l y   o b t a i n e d   b e f o r e   a n   i n t e l l i g e n t   p r o c u r e m e n t  
dec is ion   can   be  made. 
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Benchmark Evaluat ion 

Af te r  a l l  the  demonstrations  have  been  attended,  and  the  information  di-  
ges ted ,   an   impress ion  w i l l  b e   l e f t  as t o  how w e l l  each  vendor  matches  the 
a d v e r t i s i n g  claims. Any wi th   obv ious ly   l a rge   sho r t f a l l s  are c u t  from f u r t h e r  
cons idera t ion   and  some means of  head  to  head  comparison  between  the  remaining 
contenders  must  be  found.  Since  the  demonstrations by the  vendors  are a l l  
def ined  by them and w e l l  r ehea r sed ,   t he re  is too l i t t l e  i n  common f o r  a mean- 
ingful  comparison. 

One obvious  approach  to   obtain a comparison is f o r   t h e   e v a l u a t i o n  team t o  
design a benchmark  problem t h a t  is s imple enough t o   b e  performed  rapidly by 
the   vendor ' s   opera t ions  and y e t   e x e r c i s e   t h e   s y s t e m   i n   e a c h   o f   t h e   a n t i c i p a t e d  
a p p l i c a t i o n s .   S i n c e   C e s s n a   p r o d u c e s   a i r p l a n e s ,   a p p l i c a t i o n s   i n   l o f t i n g   a i r c r a f t  
sur faces ,   d raf t ing   p redominate ly   shee t  metal components,  developing N/C t o o l  
paths  necessary  to  produce  form  tools,   and  performing NASTRAN ana lys is   o f   the  
a i r c r a f t   s t r u c t u r e  were s e l e c t e d  as poss ib l e   app l i ca t ions   and   addres sed   i n   t he  
benchmark. 

A two day per iod w a s  a l l o t t e d   t o   e a c h   v e n d o r   t o   p e r f o r m   i d e n t i c a l  tests. 
During th i s   per iod ,   each   contender  w a s  asked   to   genera te   the   def in ing   l ines  
f o r   a n   a i r c r a f t  wing  and fuse l age ,   de t e rmine   t he   su r f ace   i n t e r sec t ions ,   ex t r ac t  
the   envelope   for  a d e t a i l   p a r t   d e f i n e d  by the   sur face   contours ,   p roduce   an  
engineering  drawing  of  the p a r t ,  genera te  APT source  and CL f i l e   o u t p u t s  of 
t oo l   pa ths   t o   f ab r i ca t e   t he   fo rm  d i e ,   c r ea t e  a f i n i t e   e l e m e n t  mesh,  and  produce 
d a t a   s u i t a b l e   f o r  NASTRAN ana lys i s .   This   very  t a l l  o rde r  w a s  not  completely 
f i l l e d  by  any  of  the  vendors  but  did  provide a more than  adequate amount of 
d a t a  by which  the  technical   evaluat ion of the  various  systems  could  be  completed.  

SYSTEM SELECTION 

Technical   Evaluat ion 

A s  soon as a l l  t h e  benchmark  examinations  have  been  completed  the  evaluation 
team i s  faced  with  reducing a preponderance  of   data   to  a form usable   for   gener -  
a t i n g  a procurement  recommendation. On occas ion ,   perhaps ,   the  team w i l l  d i s -  
cover   tha t   one   o f   the   compet i tors   car r ies   an   advantage   in  a l l  areas. I n   t h i s  
happy i n s t a n c e ,  a recommendation  can  be made almost  immediately. However, i n  
genera l ,   the   s t rengths   and   weaknesses   o f   the   ind iv idua l   sys tems w i l l  not   coin-  
c i d e   b u t  w i l l  i n s t ead ,   ove r l ap .  The s h a r p   c o n t r a s t   o f   t h e   i d e a l   s i t u a t i o n  i s  
b l u r r e d   i n t o  a grey  homogeneous mass wi th  no apparent   reason   to  select one 
vendor  over  any  other.   This  howeveriis   not  without  advantage  to  the  evaluato?r.  
T h i s   d o e s   c a u s e   d i f f i c u l t i e s   i n   a r r i v i n g  a t  a co r rec t   conc lus ion ,   bu t   t he re  is  
a l s o  l i t t l e  r i s k  of an inco r rec t   conc lus ion .   V i r tua l ly  any  of  the  vendors who 
reach   the  benchmark s tage  can  provide a sys t em  wi th   capab i l i t i e s   t ha t  w i l l  
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enhance   the   opera t ion  of the  prospect ive  buyer .  A t  t h i s   s t a g e ,  however, n o t  
on ly   sys t em  capab i l i t i e s  are i m p o r t a n t   b u t   a l s o   t h e   s u p p o r t   c a p a b i l i t i e s   o f   t h e  
vendor become a p r ime   f ac to r   i n   t he   dec i s ion   t o   pu rchase   t ha t   vendor ' s   sys t em.  

J u s t  as a sys tem  wi th   def ic ien t   o r   mismatched   capabi l i t i es  is Little more 
than  an  expensive  toy,  so too  i s  one  with  excessive  maintenance downtime o r   w i t h  
poor ly   t ra ined   opera t ions   personnel  or wi th  a management  whose implementation 
and a p p l i c a t i o n   p l a n s  are no t  w e l l  p repared .   Therefore ,   a long   wi th   the   t ech-  
n i ca l   eva lua t ion   o f   t he   sys t em must a lso  be  evaluat ions  of   the   hardware  and 
sof tware   main tenance   suppor t   and   re l iab i l i ty ,   t ra in ing   programs  and   procedures  
for   bo th   opera tors   and   managers ,   and   the   ava i lab i l i ty   o f   consul t ing  services t o  
h e l p   g e t   t h e  new u s e r  up the   l ea rn ing   cu rve  as quick ly  as poss ib l e .  

So even  though  any  of  the  benchmarked  systems w i l l  o f f e r   advan tages ,   t he re  
i s  probably  one  which w i l l  b e s t  meet the   needs   o f   t he   an t i c ipa t ed   app l i ca t ions .  
Since  most  people are fami l ia r   and   comfor tab le   wi th   numer ica l   rankings ,   the  
eva lua t ion  team dec ided   t o   gene ra t e   fo r   each   o f   t he   compe t i to r s  a numerical  
s c o r e  which  would ind ica t e   t he   p rope r   cho ice .  O r ,  i n   s h o r t ,   t o   g e n e r a t e   a n  
o b j e c t i v e  measurement  of  what was t o  a l a r g e   e x t e n t   s u b j e c t i v e   d a t a .  

The technique  used w a s  a mul t i - t i e r ed   eva lua t ion   ma t r ix   o r  tree as i n d i -  
c a t e d   i n   t h e   f i g u r e .  The f i n a l   s c o r e   f o r   e a c h   s y s t e m  w a s  der ived  as a weighted 
average  of   the  score i n  each of t h r e e   e v a l u a t i o n  areas. A s  can  be  seen  from 
f i g u r e  1, t h e s e  areas are manufac tu r ing   app l i ca t ions ,   eng inee r ing   app l i ca t ions  
and  overal l   system management.  Each area h a s   s e v e r a l   a p p l i c a t i o n   c a t e g o r i e s  
un ique   t o   t he  area. The eng inee r ing   ca t egor i e s  are shown. A s  befo re ,   t he  area 
s c o r e s  are a weighted   average   o f   the   ca tegory   scores   for   tha t  area. This  scheme 
holds   th roughout   the   eva lua t ion  tree. The score   for   each   b lock  i s  the  weighted 
ave rage   o f   t he   app l i cab le   b locks   i n   t he   nex t   l ower  t i e r .  Each ca tegory  is made 
up of  unique items and  each item of   unique  e lements ,   the   lowest  tier. Element 
s co res  are ass igned  on a s c a l e  of   zero  to   ten  based on how wel l   the   sys tem 
appeared   to  meet the   needs   o f   tha t   ca tegory ' s  item f o r   t h a t   e l e m e n t .  A conscious 
e f f o r t  w a s  made to   avoid   ranking   the   sys tems  re la t ive   to   each   o ther  a t  a l l  levels 
of   the   eva lua t ion .  The i n t e n t  w a s  t o   ob ta in   an   abso lu t e   r a t ing   fo r   each   sys t em 
ra the r   t han  a relative ranking. The eva lua t ion  team f e l t   i m p o r t a n t   c o n s i d e r a t i o n  
w a s  no t  how one   sys tem  compared   re la t ive   to   another ,   bu t   ra ther  how each  system 
would  perform i n   o u r   o p e r a t i o n  on ou r   app l i ca t ions .  

A s  might  be  expected, no system  obtained a p e r f e c t   s c o r e .  Of the   fou r   sys -  
tems eva lua ted  by t h i s   p r o c e s s ,   t h e   h i g h  w a s  91 and  the low w a s  72 ou t   o f  a 
poss ib l e  100. Th i s   shou ld   no t   be   i n t e rp re t ed   t o  mean t h a t   t h e r e  is i n   f a c t  a 
20% d i f f e r e n c e   i n   c a p a b i l i t y   b u t   r a t h e r   t h a t   t h e   l o w e r   s c o r e   i n d i c a t e s   t h e   s y s -  
tem s t r eng th   d id   no t  match  our  needs as c l o s e l y  as did  the  other  systems.  Both 
the  high  and low scores  are from  systems  which are very  popular  and  have a l a r g e  
user   base.  

These f i n a l   s c o r e s  f rom  the  technical   evaluat ion  were  used by the   con t r ac t  
n e g o t i a t o r s  as background   i n fo rma t ion   i n   t he   nego t i a t ions   t ha t   fo l lowed .  The 
n e g o t i a t i o n s  were performed by d i f f e ren t   i nd iv idua l s   f rom  those  who were in- 
vo lved   i n   t he   t echn ica l   eva lua t ions   and  benchmark  performances. 
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Contrac t   Negot ia t ion  

Once the   candida te   sys tems  have   been   ident i f ied ,   eva lua ted ,  benchmarked 
and   technica l   eva lua t ion   comple ted ,   the   cont rac t   negot ia t ion   phase   begins .  
I n  most  companies  there are several pr ime  cons idera t ions   in   the   purchase   o f  
any  piece  of   capi ta l   equipment .  One o f   t hose   ce r t a in ly  i s  a t e c h n i c a l  eval- 
ua t ion   and   the   o ther   the   cap i ta l   ou t lay   requi red   for   the   equipment .   Genera l ly ,  
i t  is  des i r ab le   du r ing   t he   t echn ica l   eva lua t ion   t o   qua l i fy  a t  least  two systems 
as having   the   necessary   requi rements   for   the   appl ica t ions   in tended .  Once t h e  
fundamental  systems are e s t a b l i s h e d   i n  terms o f   t h e i r   c a p a b i l i t i e s ,  a system 
d e f i n i t i o n   i n  terms of  the  various  components  and  peripheral  equipment  must  be 
e s t a b l i s h e d .  These   obvious ly   vary   wi th   respec t   to   each  company's p re sen t  com- 
puter   capabi l i ty   and  per ipheral   equipment   but   general ly  a sys t em  de f in i t i on  
must  be e s t a b l i s h e d .   I n   t h e  case of Cessna ,   t h i s  w a s  done wi th  two competi t ive 
bu t   equa l ly   accep tab le   vendors .  One of t h e   n e x t   c o n s i d e r a t i o n s   i n   t h e   i o n t r a c t  
nego t i a t ions   i nvo lves   de t e rmina t ion  as to   whether   or   not   equipment   should  be 
o u t r i g h t   p u r c h a s e   o r  lease. Consideration  must  be  given  to  maintenance con- 
t r a c t   a n d  service suppor t .  Once t h e s e  are done, a formal  quote i s  requested 
wi th  a c l ea r   cu t   dec i s ion   da t e   e s t ab l i shed .   Dur ing   t he   eva lua t ion  of t hese  
quotes ,   the   compet i t ion   reaches  a high level and many times sugges t ions   fo r  
r econf igu ra t ions  are made to   op t imize   t he   capab i l i t y   and   cos t  parameters. But 
i n   g e n e r a l ,   t h e   e q u i p m e n t   w i t h   t h e   s t r o n g e s t   t e c h n i c a l   c a p a b i l i t i e s ,   b e s t  main- 
tenance  and service o rgan iza t ion ,   and   t o t a l   cos t   t ha t  i s  compatible   with bud- 
g e t e d   f i g u r e s  must   be  selected.   There i s  a p o t e n t i a l   f o r   s i g n i f i c a n t   c o s t  
reduct ions   wi th  two qual i f ied  vendors   operat ing  on a b id   bas i s   fo r   comple t e  
in t e rac t ive   sys t ems .  
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OBSERVATIONS  BASED ON DEVELOPMENT  OF A 

COMPUTER AIDED DESIGN SYSTEM 

Howard Eies t 
V o u g h t   C o r p o r a t i o n  

INTRODUCTION 
VOUGHT’S CAD EFFORT 

We are  a l l  aware t h a t   u s e   o f   t h e   c o m p u t e r  f o r  d e s i g n  i s  n o t  new.  The 
technical   special t ies  have had the i r  NASTRAN’S for  years and have  used them 
e f f e c t i v e l y  i n  s u p p o r t   o f   d e s i g n .   F l u t t e r   a n a l y s e s   w h i c h   t o o k   s i x   m o n t h s  o n  
a n   e l e c t r i c   c a l c u l a t o r ,  are d o n e   i n  less t h a n  a d a y .  So w h a t ‘ s  new t h a t   m a k e s  
u s   t a k e  a new l o o k  a t  c o m p u t e r s   i n   t h e   d e s i g n   p r o c e s s ?  

1) G r a p h i c s  i s  r e a c h i n g  a s t a t e  o f   m a t u r i t y   t h a t   m a k e s  i t  a t t r a c t i v e  f o r  
d e s i g n   d e f i n i t i o n .  

2 )  Basic c o m p u t e r   c a p a b i l i t y   a n d   c a p a c i t y   h a s   a t t a i n e d  a cos t  a n d   s i z e  
t h a t   m a k e s   s t a n d   a b o v e   s y s t e m s   p r a c t i c a l   f o r   t h e   m a n y   d e s i g n e r s  
n e e d e d  t o  h a n d l e  a p r o j e c t .  

3 )  T h e   t r a n s f e r   o f   i n f o r m a t i o n   f r o m   o n e   t e c h n o l o g y  area t o  a n o t h e r   u s i n g  
t r a d i t i o n a l   p a p e r w o r k  i s  t a k i n g   l o n g e r   t h a n   t h e   d e v e l o m e n t   o f   t h e  
i n f o r m a t i o n   i t s e l f .  

I t  i s  i n   l i g h t   o f   t h i s   s i t u a t i o n   t h a t   V o u g h t ,   l i k e  many o t h e r   c o m p a n i e s ,  
d e v e l o p e d  a p l a n  f o r  i m p l e m e n t a t i o n  of  a f a r   r e a c h i n g  CAD program.  

Our CAD p r o g r a m   h a s   f o u r  major t h r u s t s :  

1) D e v e l o p m e n t   o f   g r a p h i c s   f o r   d e s i g n   d e f i n i t i o n .  

2 )  C o m p u t e r i z i n g   t h e   t r a n s f e r   o f   i n f o r m a t i o n   f r o m   o n e   e n g i n e e r i n g  
d i s c i p l i n e  t o  a n o t h e r ,   “ u n t o u c h e d  by   human  hands” .  

3)  C o m p u t e r i z i n g   t h e   t r a n s f e r   o f   d e s i g n   d e f i n i t i o n   i n f o r m a t i o n   f r o m  
E n g i n e e r i n g  t o  M a n u f a c t u r i n g .  

4 )  D e v e l o p m e n t   o f  a s y s t e m   f o r   m a n a g e m e n t   o f   t h e   d e s i g n   p r o c e s s   a n d  
i n f o r m a t i o n   f l o w .  

Some a s p e c t s   o f   o u r   d e v e l o p m e n t   p a r a l l e l   t h e  IPAD p r o g r a m .   N e v e r t h e l e s s ,  a 
p r e p o n d e r a n c e   o f   t h e   t a s k s  are r e q u i r e d   r e g a r d l e s s   o f   w h e t h e r  IPAD i s  
e v e n t u a l l y   i m p l e m e n t e d  o r  n o t .   O u r   e x p e c t a t i o n  i s  t h a t ,   i f   a n d  when w e  
implement  IPAD, l i t t l e  o r  n o  r e p r o g r a m m i n g  w i l l  b e   r e q u i r e d .  
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The  deve lopment   and   implementa t ion   of   th i s   p rogram  has   sur faced  many 
management r e l a t e d   i s s u e s .  As o n e   m i g h t   e x p e c t ,   t h e r e  are more   ques t ions   t han  
answers.  

F i v e  areas w i l l  b e   d i s c u s s e d .  

1) Product iv i ty   Improvements  

2 )  E f f e c t  on O r g a n i z a t i o n a l   S t r u c t u r e  

3 )  User T r a i n i n g  

4 )  Make-or-Buy C o n s i d e r a t i o n  

5 )   T r a n s i t i o n  Away from  Hard Copy 

PRODUCTIVITY  IMPROVEMENTS 

WE ARE ALL CONVINCED THAT THEY ARE REAL - ARE THEY? 

Most o f   u s   h a v e   s t a r t e d   w i t h  a s i n g l e  i t e m ,  such as t h e   i n t e r a c t i v e  
g raph ic s   s cope ,   and   deve loped   benchmarks   t o   p rove   s av ings .   These   s av ings  were 
t h e n   e x t r a p o l a t e d  a long   way ,   f rom  the   measu red   t housands   o f   do l l a r s   t o   t he  
p r o j e c t e d   m i l l i o n s  i n  s a v i n g s ,   t o   j u s t i f y   f u l l   s y s t e m s   h a r d w a r e   a n d   s o f t w a r e  
c o s t s .  Of c o u r s e ,  w e  make fu l l   u se   o f   ou r   company ' s   5 -yea r   deve lopmen t   p l an  
t o  show tha t   improvements  are n o t   o n l y  r ea l ,  b u t   a l s o   a p p l y   t o   o u r   p l a n n e d  
business  mix.  However,  i n  t r a n s i t i o n   f r o m   " l a b o r a t o r y "   t o   p r o d u c t i o n   s t a t u s ,  
w e  come f a c e   t o   f a c e   w i t h   c e r t a i n   t r u t h s ;   t h e   o p t i m i s m   o f   d e v e l o p e r s   a n d  
realism o f   t h e   d a y   t o   d a y   f u n c t i o n a l   o r g a n i z a t i o n  user  don ' t   match .  
R e c o n c i l i a t i o n   o f   a c t u a l   s a v i n g s   t o   e x p e c t a t i o n s  i s  a m u s t   t o  m a i n t a i n  
c r e d i b i l i t y .  

Even i n t e r i m  developments  such as  o u r s   r e p r e s e n t   m i l l i o n s   o f   d o l l a r s  i n  
e x p e n d i t u r e s .  Management i s  e n t i t l e d   t o   f e e d b a c k s   t h a t   d e m o n s t r a t e   t h e  
b e n e f i t s .  So f a r ,  w e  are s u c c e s s f u l .  New benchmarks are developed 
r e g u l a r l y .  We are l o o k i n g  a t  p e r c e n t   u t i l i z a t i o n   o f   s c o p e s   f o r   g r a p h i c s  
v e r i f i c a t i o n .   R e c o r d s   o f   t h e  number o f  times u s e d   f o r   e a c h   o f   t h e   i n t e g r a t e d  
a c t i v i t i e s ,   a n d   c o m p a r i s o n   t o   p r e d i c t i o n s ,   v a l i d a t e  a t  l eas t  p a r t  o f   o u r  
sav ings   formula .  A s  s p e c i f i c  new improvements are implemented, new benchmark 
t es t s  are conducted.  I n  a d d i t i o n ,  w e  are p r o v i d i n g   m a n a g e m e n t   v i s i b i l i t y  
through a se r ies  o f   demons t r a t ions   o f   deve lopmen t s  as  they  occur ,   and  have 
schedu led  a t  l ea s t  4 d e m o n s t r a t i o n s  p e r  year .   These   keep   management   abreas t  
o f   p rog res s .   P rov id ing   managemen t   v i s ib i l i t y   keeps   t he   p rog ram  so ld .  
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EFFECT ON ORGANIZATIONAL  STRUCTURE 

ORGANIZATIONS  WILL CHANGE BY EVOLUTION, NOR REVOLUTION, BUT CHANGE THEY WILL 

Our CAD p r o g r a m  i s  a l r e a d y   b r e a k i n g  down b a r r i e r s   b e t w e e n   E n g i n e e r i n g  
t e c h n o l o g i e s   a n d   b e t w e e n   E n g i n e e r i n g   a n d   M a n u f a c t u r i n g .   S e v e r a l   t r e n d s  are 
e m e r g i n g .  The t r u e   t e c h n i c a l   s p e c i a l i s t s   r e m a i n  a s  t e c h n o l o g y   c o m p u t e r  
p r o g r a m   d e v e l o p e r s ,   w h i l e   t h e   h a r d w a r e   d e s i g n   e n g i n e e r   u t i l i z e s   t h e   t e c h n o l o g y  
t h a t  i s  a v a i l a b l e  t o  h i m   i n   t h e   c o m p u t e r  t o  s y n t h e s i z e   a n d   f i n a l i z e   h i s  
d e s i g n s .   T h i s   s u g g e s t s  a movement of t h e   t e c h n i c a l   s p e c i a l i s t  t o  t h e   c o m p u t e r  
d e p a r t m e n t s .   T h e   d e s i g n   o r i e n t e d   e n g i n e e r s  w i l l  b r o a d e n   t h e i r  a c t i v i t i e s  
across d i s c i p l i n e   l i n e s ,  i .e. a e r o d y n a m i c s ,   s t r u c t u r a l  l oads ,  t h e r m a l ,  stress, 
d y n a m i c s ,   a n d   p r o d u c t   d e s i g n ,  a l l  h a n d l e d   b y  a s i n g l e   i n d i v i d u a l   u s i n g  
a v a i l a b l e   i n t e r a c t i v e   p r o g r a m s .   T h e  era o f   t h e   h e l m e t ,   g o g g l e s ,   a n d   s i l k  
scarves may b e   r e t u r n i n g  t o  t h e   d e s i g n  room. 

T r a d i t i o n a l   d e s i g n   t y p e  releases w i l l  b e g i n  t o  i n c l u d e  more i n f o r m a t i o n   i n  
l i n e   w i t h   M a n u f a c t u r i n g   P l a n n i n g .   T h i s  ra ises  t h e   q u e s t i o n   o f   w h e t h e r  we  move 
t h e   t r a d i t i o n a l   d e s i g n e r  t o  M a n u f a c t u r i n g ,  o r  move t h e   M a n u f a c t u r i n g   P l a n n e r  
t o  E n g i n e e r i n g .   T h e  same c a n   b e   s a i d   f o r   P u r c h a s i n g ,   P r o c e s s i n g ,   Q u a l i t y  
P l a n n i n g ,  e t c .  T h e s e   o r g a n i z a t i o n a l   t r e n d s  are a p p e a r i n g   a l r e a d y .  No l o n g e r  
d o  w e  t a l k   a b o u t   i n t e r f a c e   w i t h   M a n u f a c t u r i n g ,  as  t h o u g h   t h e r e  were a wal l  
b e t w e e n   u s .  I t  i s  now i n t e g r a t i o n   o f   E n g i n e e r i n g   a n d   M a n u f a c t u r i n g .  

USER TRAIN1 NG 

TRAINING I S  A KEYSTONE TO CAD/CAM USEAGE AND BENEFITS GENERATION 

T r a i n i n g   m u s t   p r o c e e d   i n   c o n c e r t   w i t h  CAD/CAM d e v e l o p m e n t   a n d   h a r d w a r e  
a c q u i s i t i o n .   W i t h o u t  i t ,  t h e r e  w i l l  n o t   b e   a n y o n e   p r e p a r e d  t o  ' ' r e a p   t h e  
b e n e f i t s " .  We are  a l r e a d y   a s k i n g   w h e r e  w e  c a n  g e t  t r a i n i n g  materials.  S i n c e  
t h e   d e v e l o p e r s  are a l l  a t  d i f f e r e n t   s t a g e s   o f   d e v e l o p m e n t   w i t h   d i f f e r e n t  
systems, each w i l l  generate h i s  own material f o r  the t i m e  being. F i t t i n g  
t r a i n i n g   i n   w i t h   p r o d u c t i v e   o p e r a t i o n s   a n d  s t i l l  r e a p i n g   t h e   b e n e f i t s   w h i c h  
s o l d   o u r   s y s t e m   i n   t h e   f i r s t   p l a c e  i s  d i f f i c u l t .   F u l l   d e d i c a t i o n   o f   h a r d w a r e  
t o  t r a i n i n g ,   u s e  of s p l i t   a n d   d o u b l e   s h i f t s ,  a s  wel l  a s  on t h e   j o b   t r a i n i n g  
are n e c e s s a r y   e x p e d i e n t s  t o  come u p  t o  s p e e d .   W i t h   t h e  age o f   a e r o s p a c e  
e n g i n e e r s   i n c r e a s i n g ,  w e  wonder  i f  w e  c a n   t e a c h   " o l d   d o g s "   n e w   t r i c k s .  
F o r t u n a t e l y ,   o u r   e x p e r i e n c e  t o  d a t e  i s  t h a t   t h e  "old d a y s "  are p u s h i n g   t h e  CAD 
d e v e l o p e r s ,   n o t   t h e   o t h e r   w a y   a r o u n d .  A p l a n n e d   p r o g r a m  of t r a i n i n g   m u s t  
p a r a l l e l  CAD/CAM d e v e l o p m e n t   i f  w e  are t o  g a i n   t h e   b e n e f i t s ,   a n d   m a i n t a i n  
m a n a g e m e n t   c o n f i d e n c e .  

W h a t   a b o u t   t h e   a c a d e m i c   w o r l d ?  My c o n c e r n  i s  t h a t  w e  w i l l  s t o p   t e a c h i n g  
f u n d a m e n t a l s   i n   o r d e r  t o  c o n f o r m  t o  t h e  CAD world. F a m i l i a r i t y   o f   t h e   s t u d e n t  
w i t h   c o m p u t e r s   a n d  CAD t y p e   s y s t e m s  i s  O.K. a s  l o n g  as h e   k n o w s   w h a t   h e  i s  
d o i n g   a n d  why. 
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MAKE-OR-BUY CONSIDERATIONS 

COMPUTERS AND CAD/CAM SOFTWARE AND HARDWARE SYSTEMS  ARE  DEVELOPING AND 
CHANGING  AT  THE SPEED OF LIGHT. OPPORTUNITIES ABOUND FOR FALSE STARTS. 

Examples  of "Buy" items are n u m e r o u s   a n d   r e p r e s e n t   h u n d r e d s  of m i l l i o n s   o f  
dollars invested. IPAD itself is well into  development. Air Force IcAM is 
r o l l i n g   a l o n g .  A i r  F o r c e  I C A D  i s  now i n   t h e   w i n g s .   M i n i - t u r n k e y   g r a p h i c s  
s y s t e m s   w i t h  sof tware i n c l u d e d  are f l o o d i n g   t h e   m a r k e t .   M a i n   f r a m e   c o m p u t e r  
c o m p a n i e s  are now o n  b o a r d  as  wel l .  P r o g r a m i n g   h o u s e s  are o n  t h e   m a r k e t   w i t h  
s i g n i f i c a n t  software t h a t   f i t s  many o f   o u r   n e e d s .  

T h i s  ra i ses  two s i g n i f i c a n t   q u e s t i o n s :  

a )  Why n o t  wai t  a n d   b u y   o f f - t h e - s h e l f  f o r  a f r a c t i o n   o f   t h e   d e v e l o p m e n t  

b )   I f  we g o   a h e a d ,  w i l l  we b e   c o m p a t i b l e   w i t h   t h e   d e v e l o p i n g   t e c h n o l o g y ?  
c o s t ?  

The   answer  t o  t h e   f i r s t  i s  i n t u i t i v e l y   o b v i o u s .   C o m p e t i t i o n   f o r c e s   u s  t o  g o  
a h e a d ,   a n d   t h e   l u r e   o f   b e n e f i t s   i n   p r o d u c t i v i t y   m a k e   o u r   m o u t h  water. 'The 
a n s w e r  t o  t h e   s e c o n d  i s  n o t  s o  o b v i o u s , .   a n d   p r e s e n t s  a c h a l l e n g e   n o t   o n l y  t o  
t h o s e   o f   u s  who are m o v i n g   a h e a d   i n   p a r a l l e l   w i t h   o u r   i n d u s t r y   c o u n t e r p a r t s ,  
b u t  a l s o  t o   t h e  major d e v e l o p e r s ,   w h e t h e r  IPAD, ICAM, M i n i   t u r n k e y s ,   s o f t w a r e  
o r  m a i n   f r a m e   s y s t e m s ,  t o  p r o v i d e   a n d   m a i n t a i n   c o m p a t i b i l i t y .  The a p p l i e r  of 
t h e s e  wares i s  k i n g ,   a n d   c o m p a t i b i l i t y  i s  m a n d a t o r y .  

4. 

I n  t h e   l o n g   r u n ,  w e  w i l l  b e   i n t e g r a t i n g   t h e  h o m e   g r o w n   s y s t e m   i n t o   l a r g e r ,  
more p o w e r f u l  CAD/CAM s t o r e  b o u g h t   s y s t e m s .   T h e r e f o r e ,  w e  w i l l  b e   b o t h   m a k i n g  
a n d   b u y i n g .  

TRANSITION AWAY FROM HARD COPY 

THE  USEK  MUST  UNDERSTAND HIS DATA  AT  EVERY STEP I N  THE DESIGN 
AND MANUFACTURING PROCESSES, REGARDLESS OF WHAT  FORM I T  I S  I N .  

H a r d   c o p y ,  as  a g o a l ,  w i l l  d i s a p p e a r ,  or  a t  b e s t ,   b e   s u b o r d i n a t e  t o  t h e  
c o m p u t e r i z e d   d a t a   b a s e .   H o w e v e r ,   t h e   q u e s t i o n s   r a i s e d   b y   t h i s   a p p r o a c h  are 
t h e  same a s  i n   t h e   c a s h l e s s   s o c i e t y  m a n y   f o r e s e e .   T h e y ' r e   j u s t   n o t  a s  
p e r s o n a l ,   b u t   p e r h a p s   t h e y  

a )  Can w e  see v i s u a l  
d u r i n g   t h e   d e s i g n  

s h o u l d   b e .  

l y   i n   a n   u n d e r s t a n d a b l e  way w h a t   o u r   s i t u a t  
a n d   m a n u f a c t u r i n g   p r o c e s s e s ?  

i o n  i s  

b )  Will w e  h a v e   a d e q u a t e  access  t o  t h e   i n f o r m a t i o n ?  

c )  Can w e  p r o v i d e   a d e q u a t e   s e c u r i t y  t o  d a t a ?  Who c a n   c h a n g e   i t ?  How 
w i l l  w e  know i t  i s  b e i n g   c h a n g e d ?  
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d )  Will w e  know whether   schedules  are b e i n g  m e t ?  What management 
c o n t r o l s   a n d   v i s i b i l i t y  are n e c e s s a r y ?  

e )   I f   d i f f i c u l t i e s   o c c u r ,   c a n  w e  a d e q u a t e l y  t race r o o t   c a u s e s ?  

f )  I s  r e d u n d a n c y   r e q u i r e d   f o r   s a f e t y   o f   t h e   i n v e s t m e n t ?  

The c h a l l e n g e  i s  t o  p r o v i d e   t h e   s a f e g u a r d s   t h a t  w i l l  g i v e   u s   c o n f i d e n c e   t o  
move ahead.  We are s t r u g g l i n g   w i t h   t h e s e   a s p e c t s  now, and   on ly  know t h a t  w e  
must come up w i t h   s a t i s f a c t o r y  answers. 

CONCLUDING  REMARKS 

Product iv i ty   improvements  are r e a l ,  p rov ided  w e  are a s t u t e   e n o u g h   t o  
r e c o g n i z e   h i g h   p a y o f f   a p p l i c a t i o n s   a n d   n o t  l e t  o u r   o r g a n i z a t i o n   c l o g   t h e   w o r k s  
wi th   marg ina l   t a sks .  

The c e n t r a l   o r g a n i z a t i o n   o f   t h e   f u t u r e  w i l l  be  a coa lescence   o f   des ign   and  
manufac tu r ing   p l ann ing ,   suppor t ed  by E n g i n e e r i n g   T e c h n o l o g y   s p e c i a l i s t s  o n  one 
s i d e   a n d   M a n u f a c t u r i n g   a n d   P r o c e s s i n g   s p e c i a l i s t s  on t h e   o t h e r   s i d e .  

T r u e   d e s i g n   e n g i n e e r s ,   c a p a b l e   o f   u t i l i z i n g   t h e   t o o l s  a t  t h e i r  command, 
w i l l  n e e d   t o   b e   p r o p e r l y   t r a i n e d ,   a n d   c o n t i n u e   t o   b e   h o n e d ,   i f   t h e y  are t o  be 
e f f e c t i v e .  

Heads-up d e c i s i o n s   c o n c e r n i n g  I P A D ,  I C A D ,  ICAM,  e t c .   imp lemen ta t ion  are a 
n e c e s s i t y  i f  w e  d o n ' t  w a n t  t o  r e -p low  ou r   g round   s eve ra l   yea r s   hence .  

We w i l l  even tua l ly   ove rcome   ou r   add ic t ion   t o   ha rdcopy ,   and   deve lop  
r e l i a b l e   d i g i t a l   s t o r a g e   o f   d a t a   s u b j e c t   t o   i n s t a n t   r e c a l l  i n  a format 
s u i t a b l e  f o r  u s e  i n  a mul t i tude   o f   ways .  
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INTERACTIVE GRAPHICS 
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ABSTRACT 

I n t e r a c t i v e   g r a p h i c s  is a broad  subject   having many d i f f e ren t   mean ings   t o  
many d i f f e r e n t   p e o p l e .  The Navy is p r e s e n t l y   e x p l o r i n g  a v a r i e t y   o f   u s e s   f o r  
i n t e r a c t i v e   g r a p h i c s .   T h i s   p a p e r   e x p l a i n s  how t h e  Navy Labora to r i e s  are us ing  
a n d   p l a n n i n g   t o   u s e   i n t e r a c t i v e   g r a p h i c s   t o  do  engineer ing related tasks, and how 
t h i s   i n t e r a c t i v e   g r a p h i c s   t e c h n o l o g y  w i l l  impact   the way t h e  Navy Labora to r i e s  
conduct   business .  

INTERACTIVE GRAPHICS 

T h i s  p a p e r   d e f i n e s   t h e   d i f f e r e n t   t y p e s   o f   i n t e r a c t i v e   g r a p h i c s   s y s t e m s  
a v a i l a b l e   a n d   t h e   c a p a b i l i t i e s   o f   o n e   t y p e  - t h e  minicomputer  turnkey  engineering 
i n t e r a c t i v e   g r a p h i c s   s y s t e m .   I n   a d d i t i o n ,  the Navy's   requirements   and  needs  for  
minicomputer   tu rnkey   engineer ing   in te rac t ive   g raphics   sys tems w i l l  be d iscussed  
as well as t h e   r o l e  of t h e  Navy L a b o r a t o r y   I n t e r a c t i v e  Graphics Program i n  
b r ing ing  t h i s  new t e c h n o l o g y   t o   t h e  Navy. 

DEFINITION 

I n t e r a c t i v e   g r a p h i c s   c a n  be best understood by examining  separately the two 
words " i n t e r a c t i v e "   a n d   " g r a p h i c s . "   F i r s t ,   i n t e r a c t i v e   d e n o t e s  some type   o f  
in te rac t ion   be tween two e n t i t i e s .   I n   r e f e r e n c e   t o   i n t e r a c t i v e   g r a p h i c s ,  these 
two i n t e r a c t i n g   e n t i t i e s  are t h e  man and the machine. Each e n t i t y   b r i n g s  
c a p a b i l i t i e s  which  complement t h e   o t h e r .  The machine is composed of  a d i g i t a l  
computer  and some fo rm  o f   v i sua l   d i sp l ay .  The compute r   has   t he   capab i l i t y   t o  
pe r fo rm  ca l cu la t ions   w i th  great speed  and  accuracy. The v i sua l   d i sp l ay   a l lows  
t h e s e  data t o  be shown a lmost   ins tan taneous ly .  The man takes t h e s e  data, and 
based on h i s   pu rpose ,   c r ea t iv i ty ,   and   expe r i ence ,   he  is able t o  make bus iness   o r  
t echn ica l   dec i s ions .  

The second word is g raph ics .  Large q u a n t i t i e s   o f  data on a d i s p l a y  may be 
overwhelming  and v i r t u a l l y   m e a n i n g l e s s .  If these data are tu rned   i n to   s imp le  
g r a p h i c a l   p r e s e n t a t i o n s ,   t h e y  become read i ly   mean ingfu l .   Thus ,   i n t e rac t ive  
g raph ic s  is man and a machine  working  together   to  make dec i s ions .  A s  always,  t h e  
man is the  key  element.  
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INTERACTIVE GRAPHICS SYSTEM  TYPES 

I n t e r a c t i v e   g r a p h i c s   s y s t e m s  are composed of  hardware  (equipment) and 
sof tware  (programs) .   There are b a s i c a l l y   t h r e e   t y p e s   o f   i n t e r a c t i v e   g r a p h i c s  
systems. The first type   o f   i n t e rac t ive   g raph ic s   sys t em  man ipu la t e s  and d i s p l a y s  
bus iness   da t a .   Th i s   i nc ludes ,   bu t  is n o t   l i m i t e d   t o ,   p r e p a r i n g   b a r   c h a r t s ,   p i e  
c h a r t s ,   g r a p h s ,  and o the r   g raph ica l   bus iness   i n fo rma t ion .  The second  type  of  
i n t e rac t ive   g raph ic s   sys t em  man ipu la t e s   and   d i sp l ays   i n fo rma t ion   fo r  real-time 
a p p l i c a t i o n s .  Aircraft s imula to r s  are an   exce l l en t   example   o f   t h i s   t ype .  The 
t h i r d   t y p e   o f   i n t e r a c t i v e   g r a p h i c s   s y s t e m   m a n i p u l a t e s  and d i sp lays   eng inee r ing  
data . 

There are two sub types   o f   eng inee r ing   i n t e rac t ive   g raph ic s   sys t ems .  The 
first s u b t y p e   u t i l i z e s  a large host   or   mainframe d ig i ta l  computer referred t o  as 
a hos t   computer   engineer ing   in te rac t ive   g raphics   sys tem.   This   type   o f   sys tem is 
very   powerfu l   and   capable   o f   so lv ing   very   sophis t ica ted   engineer ing   and   des ign  
problems. It is t r a d i t i o n a l l y   v e r y   e x p e n s i v e   t o   u s e ,   p r i m a r i l y   b e c a u s e  i t  
r e q u i r e s   t h e   d e d i c a t i o n   o f  a large mainframe  computer t o   t h e   t a s k .  The second 
s u b t y p e   u t i l i z e s  a d i g i t a l  minicomputer.  This is referred t o  as a minicomputer 
engineer ing  interact ive  graphics   system.  These  minicomputer  based systems are 
a l s o  called turnkey  systems. A turnkey  system is one i n  which a manufacturer 
suppl ies   the  hardware  and  sof tware as an   in tegra ted   sys tem.   This   type   o f   sys tem 
can   be   usefu l   for   do ing   such   tasks  as eng inee r ing   documen ta t ion ,   e l ec t ron ic s  
d e s i g n ,   p r i n t e d   c i r c u i t   b o a r d   d e s i g n  and layout ,   and  mechanical   design  layout   and 
arrangement. It is much less  expens ive   t o  use than  the  host   computer  based 
system  and is s i g n i f i c a n t l y  more productive  than  manual  methods. The g r o s s  sales 
o f   t he   l ead ing   manufac tu re r s   o f   t hese   sys t ems   have  grown from $20M i n  1973 t o   a n  
estimated $4OOM i n  1980. It is estimated t h a t   t h e   a n n u a l  sales by 1983 w i l l  be 
$1.5B. 

ENGINEERING PROCESS 

Before  looking a t  how the   min icompute r   t u rnkey   eng inee r ing   i n t e rac t ive  
graphics   system  works,   the   engineer ing  process   should be  examined.   Present ly ,  
t h e r e  are b a s i c a l l y   f o u r   e n g i n e e r i n g   f u n c t i o n s .  They are d e s i g n ,   a n a l y s i s ,  
documentat ion,   and  fabr icat ion.  Each func t ion  i s  dependent  on t h e  prev ious  
func t ion  and a l l  are in t e r r e l a t ed .   Norma l ly ,   t he  data r e q u i r e d   f o r  each func t ion  
i s  manual ly   t ransfer red  between func t ions  by t h e   e n g i n e e r .  

MINICOMPUTER TURNKEY  ENGINEERING INTERACTIVE GRAPHICS  SYSTEMS 

Min icompute r   t u rnkey   eng inee r ing   i n t e rac t ive   g raph ic s   sys t ems   u t i l i ze  a 
d i g i t a l  data base t o   s t o r e   i n f o r m a t i o n .   P r e v i o u s l y   e n t e r e d   i n f o r m a t i o n   i n   t h e  
d i g i t a l  data base can be used by the   fo l lowing   func t ions   o f   t he   eng inee r ing  
process .  For example,   geometric data en te red   du r ing   t he  design phase  can be used 
in   t he   ana lys i s   phase ,   t he   documen ta t ion   phase ,   and   t he   f ab r i ca t ion   phase .  The 
source   o f   the   geometr ic   da ta  is the  same fo r   each   func t ion .   Th i s   e l imina te s  
dup l i ca t ion   o f   e f fo r t   be tween   t he   eng inee r ing   func t ions  and s e r v e s   t o   e l i m i n a t e  
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manual ly   in t roduced   e r ror .  The d i g i t a l  data base is control led  and  manipulated 
by the   eng inee r  a t  t h e   i n t e r a c t i v e   g r a p h i c s  work s t a t i o n .  

CAPABILITIES 

Present ly ,   the   min icomputer   tu rnkey   engineer ing   in te rac t ive   g raphics  
systems  have l i m i t e d  capab i l i t y .   In   des ign ing ,   t hey   can  be u s e d   e f f e c t i v e l y   f o r  
2 and 24 dimensional   mechanical   design  layouts   and  for   arrangement   drawings.  
There   does   ex is t  some s o f t w a r e   t o   t r a n s f e r   g e o m e t r i c  data t o  some s tandard  stress 
analysis   programs.   These  systems are a l s o   v e r y   e f f e c t i v e   i n   p r e p a r i n g   m e c h a n i c a l  
and e l e c t r i c a l   m i l i t a r y   s t a n d a r d   d r a w i n g s .  Also,  t h e  c a p a b i l i t y   t o   d e s i g n ,  
document,  and  provide  manufacturing data f o r   p r i n t e d   c i r c u i t   b o a r d s  is 
a v a i l a b l e .  Two and three axes   numer ica l   cont ro l  ( N / C )  s o f t w a r e   e x i s t s   t o  
gene ra t e  machine c o n t r o l   t a p e s   f o r  N/C m i l l i n g ,   d r i l l i n g ,   a n d   l a t h e   m a c h i n e s .  

I n c r e a s e d   d e s i g n ,   a n a l y s i s ,   a n d   f a b r i c a t i o n   c a p a b i l i t i e s  are p r e s e n t l y  
being  developed. These c a p a b i l i t i e s  w i l l  mature as more sof tware  is w r i t t e n  and 
as more s o p h i s t i c a t e d  hardware is developed. 

NAVY NEEDS 

Before t h e  Navy c a n   e f f e c t i v e l y   u t i l i z e  t h i s  i n t e r a c t i v e  graphics 
technology,  i t  must first unders tand   the  capabi l i t i es  and l i m i t a t i o n s   o f  t h e  
technology. The Navy must a l s o  be aware of  how it w i l l  change t h e  engineer ing  
process .  Three areas which w i l l  be a f f e c t e d  are t h e  Navy-cont rac tor   in te r face ,  
the e f f i c i e n c y   o f  t h e  engineer ing  process ,   and  engineer ing  personnel  
p r o d u c t i v i t y .  

The use  of   these  minicomputer   turnkey  engineer ing  interact ive  graphics  
systems w i l l  provide bet ter  and fas ter  communication  and data exchange  between 
the  Navy and i ts  con t r ac to r s .   S ince  the  engineer ing  information  in   these  systems 
is i n  a d i g i t a l   f o r m a t ,  i t  can be t r ansmi t t ed   qu ick ly   ove r   t e l ephone   l i nes  
between  any two po in t s .  Most f i l e s  can be t r a n s m i t t e d   i n  less than 15 minutes.  
The a b i l i t y   t o  pass engineer ing  data and  drawings  quickly  between the Navy and 
t h e   c o n t r a c t o r  w i l l  r educe   the  time needed to   reso lve   engineer ing   problems  and   to  
approve  engineering  changes.  

The acqu i s i t i on   p rocess  w i l l  a l s o  be affected. T r a d i t i o n a l l y ,  Navy 
con t r ac to r s   p rov ide  as d e l i v e r a b l e s   o f  a con t r ac t   eng inee r ing   spec i f i ca t ions   and  
drawings on paper   or  on vellum master drawings.  Using these systems,  magnetic 
t a p e  w i l l  be the  exchange medium. The  amount of   space   requi red   to   p rovide  a 
complete  documentation set w i l l  be s i g n i f i c a n t l y   r e d u c e d  when engineer ing  data 
are provided by a c o n t r a c t o r   i n  a d i g i t a l  format on magnetic  tape.   Storage  and 
r e t r i e v a l  w i l l  a l s o  be easier. 

The use   o f   the   min icomputer   tu rnkey   engineer ing   in te rac t ive   g raphics   sys tem 
w i l l  i n c r e a s e   a l s o   t h e   e f f i c i e n c y   o f   t h e   e n g i n e e r s   i n v o l v e d   i n   t h e   e n g i n e e r i n g  
process  and w i l l  r e d u c e   t h e   c o s t   o f   f a b r i c a t i n g   t h e  Navy's  systems. Two of  t h e  
most time consuming p o r t i o n s  of a manua l ly   des igned   pa r t   o r   pa r t s  are a c c u r a t e l y  
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drawing the  par t s   and   manipula t ing   and/or   changing  them t o   e v a l u a t e  new des ign  
ideas. The computat ional  power o f  the  computer  and t h e  s p e e d   t o   a c c u r a t e l y  
d i s p l a y  the  p a r t s   a l l o w   t h e   e n g i n e e r  new f l e x i b i l i t y   i n   m a n i p u l a t i n g  the  p a r t s  
and  evaluat ing new des ign   i deas   qu ick ly .  The des ign   o f  a p a r t  w i l l  improve as 
more des ign   i deas  are eva lua ted .  As the  d e s i g n   o f  a pa r t   improves ,   t he  number  of 
c h a n g e s   i n  t he  des ign  decreases. The r e l a t i o n s h i p   o f   d e s i g n   c h a n g e s   t o   s y s t e m  
c o s t  was i n v e s t i g a t e d   r e c e n t l y  by a large aerospace  company. It was determined 
t h a t  design  change was t h e   c o s t   d r i v e r   i n  t he  engineer ing   process .  T h i s  company 
estimated tha t  the u s e   o f   i n t e r a c t i v e   g r a p h i c s   s y s t e m s   c o u l d   r e d u c e   t h e  number  of 
engineer ing  changes by approximately 15 percen t ,  which r e s u l t e d   i n  a s i g n i f i c a n t  
reduct ion   in   cos t   to   des ign ,   document ,   and  fabricate the i r  products .  The 
u t i l i z a t i o n   o f  these systems w i l l  i n c r e a s e  t h e  e f f i cency   o f  the  engineers  who 
design,  document,  and fabricate the  Navy's  products  and decrease the  c o s t  of the  
Navy's  products.  

The p r o d u c t i v i t y   i n c r e a s e s   a s s o c i a t e d  wi th  these   sys tems are well 
documented.   Product ivi ty   increases  of 2:l t o  6:l are not  uncommon i n  t h e  
i n d u s t r i a l   c o m u n i t y   i n   m e c h a n i c a l   a n d   e l e c t r o n i c   d e s i g n   a p p l i c a t i o n s .  The 
u t i l i z a t i o n   o f   t h e s e   s y s t e m s   i n  t h e  Navy Labora to r i e s  w i l l  i nc rease   eng inee r ing  
personnel   p roduct iv i ty ,   reducing   cos t   and  more impor tan t ly   reducing  t h e  time 
tha t  i t  takes to  develop  and  produce  an item f o r  t h e  F l e e t .  

NAVY LABORATORY INTERACTIVE GRAPHICS PROGRAM 

The Naval Weapons Center,   China Lake, CA,  has been  designated by t h e  
Di rec to r   o f  Navy Labora to r i e s  as t h e  lead Navy L a b o r a t o r y   f o r   i n t e r a c t i v e  
g raph ic s .  The Naval Weapons Center has had a minicomputer  turnkey  engineering 
in t e rac t ive   g raph ic s   sys t em  fo r   ove r  39 yea r s .  The system is used t o  do 
mechanica l   des ign   layouts   and   to  create e l e c t r i c a l / e l e c t r o n i c  and  mechanical 
drawings. The capabi l i ty   to   des ign ,   document ,   and   genera te  a r t  work and N/C 
d r i l l  t a p e s   f o r   p r i n t e d   c i r c u i t   b o a r d s  w i l l  b e   a v a i l a b l e   s h o r t l y .  

The I n t e r a c t i v e   G r a p h i c s  Program Office a t  t h e  Naval Weapons Center  has been 
t a s k e d   t o   j u s t i f y ,   s p e c i f y ,   a c q u i r e ,   a n d   i n t e g r a t e   m i n i c o m p u t e r   t u r n k e y  
eng inee r ing   i n t e rac t ive   g raph ic s   sys t ems  a t  7 Navy Research,  Development, Test 
and   Eva lua t ion   l abo ra to r i e s  a t  10 l o c a t i o n s   w i t h i n  t h e  cont inenta l   Uni ted  
S t a t e s .  This  program is d i v i d e d   i n t o  three phases:   development  plan 
f o r m u l a t i o n ,   a c q u i s i t i o n ,   a n d   i n t e g r a t i o n .  The development  plan was completed 
i n  the  summer of  1978. The Navy Labora to ry   In t e rac t ive   Graph ics   S tudy   F ina l  
Report  (NWC TP 6083) was p u b l i s h e d   i n  March 1979. The Navy Laboratory community 
has reques ted  115 work s t a t i o n s  a t  an estimated c o s t   o f  $10M (FY 81 d o l l a r s ) .  
The cos t   s av ings   ove r  a f ive-year   per iod  (FY 82-87) have  been  estimated a t  $16.3M 
(FY 78 d o l l a r s ) .  The acqu i s i t i on   phase  is well under way. Delegat ion  of  
procurement   au thor i ty  was received  from t h e  Genera l   Se rv ices   Admin i s t r a t ion   i n  
January 1980. The Request   for   Proposal  is scheduled   for  release t h i s  f a l l .  The 
i n d e f i n i t e   q u a n t i t y   c o n t r a c t  award is s c h e d u l e d   f o r  l a t e  FY 81. Delivery  and 
i n t e g r a t i o n  w i l l  take p l a c e   i n  the time frame from FY 82 t o  FY 85. 
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SUMMARY 

The i n s t a l l a t i o n  of minicomputer  turnkey  engineering  interactive  graphics 
systems a t  t h e  Navy's Laborator ies  w i l l  provide t h e  c a p a b i l i t i e s  which w i l l  al low 
the  engineer   to  more quickly  resolve  engineering  problems and  approve 
engineering  changes, and t o   i n c r e a s e  t h e  eff ic iency  of  t he  engineers who design, 
d,ocument,  and fabricate the Navy systems. This  will increase  the engineering 
personnel   p roduct iv i ty   in  t h e  Navy and i n   i n d u s t r y .  Th i s  new technology w i l l  
al low the Navy and its con t r ac to r s   t o   des ign  and  produce better engineered 
systems more quickly a t  a reduced  cost. 
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DATA  BASE  SYSTEMS  IN  ELECTRONIC 
DESIGN  ENGINEERING 

Del W i l l i a m s  
I n f o r m a t i o n   D i s p l a y  Division 

T e k t r o n i x ,   I n c .  

A b s t r a c t  

T h i s   p a p e r   c o v e r s   t h e   c o n c e p t s  o f  a n   i n t e g r a t e d   d e s i g n   d a t a   b a s e  
s y s t e m   a s  i t  m i g h t   a p p l y  t o  a n  e l e c t r o n i c   d e s i g n   c o m p a n y .  Data  
e l e m e n t s  o f  d o c u m e n t a t i o n ,   p r o j e c t   s p e c i f i c a t i o n s ,   p r o j e c t   t r a c k -  
i n g ,  f i r m w a r e ,   s o f t w a r e ,  e l e c t r o n i c  a n d   m e c h a n i c a l   d e s i g n  can  b e  
i n t e g r a t e d   a n d   m a n a g e d   t h r o u g h  a s i n g l e  DBMS. 

C o m b i n i n g   t h e   a t t r i b u t e s   o f  a DBMS d a t a   h a n d l e r   w i t h   s p e c i a l i z e d  
s y s t e m s   a n d   f u n c t i o n a l   d a t a   c a n   p r o v i d e  users w i t h  maximum 
f l e x i b i l i t y ,   r e d u c e d   r e d u n d a n c y ,   a n d   i n c r e a s e d   o v e r a l l   s y s t e m s  
p e r f o r m a n c e .   A l t h o u g h  some s y s t e m   o v e r h e a d  i s  l o s t  d u e   t o   r e d u n -  
d a n c y  i n  t r a n s i t o r y   d a t a ,  i t  i s  b e l i e v e d   t h e   c o m b i n a t i o n  o f  t h e  
two d a t a   t y p e s  i s  a d v i s a b l e   r a t h e r   t h a n   t r y i n g  t o  d o  a l l  d a t a  
h a n d l i n g   t h r o u g h  a s i n g l e  DBMS. 

Introduction 

The i n v a s i o n   o f   c o m p u t e r s   i n t o   t h e .   E n g i n e e r i n g   d i s c i p l i n e   h a s  
b r o u g h t   w i t h  i t  a m u l t i t u d e   o f   o p p o r t u n i t i e s .   U s i n g   t h e   c o m p u t e r  
t o  i n c r e a s e   p r o d u c t i v i t y ,   s o l v i n g   p r o b l e m s   t o o   c o m p l e x  f o r  t h e  
h u m a n   m i n d ,   p e r f o r m i n g   s i m u l a t i o n s ,   a n d   m a i n t a i n i n g   l a r g e   d a t a  
b a s e s  a r e  j u s t  a few o f   t h e s e   o p p o r t u n i t i e s .   A l t h o u g h   n o t   b e i n g  
u s e d  t o  t h e  maximum limits, c o m p u t e r s  a r e  e f f e c t i v e   i n   i n c r e a s i n g  
p r o d u c t i v i t y   a n d   s o l v i n g   l a r g e   c o m p l e x   p r o b l e m s   t o d a y .   I n   s o l v i n g  
many o f   t h e s e   p r o b l e m s ,   l a r g e   a m o u n t s  o f  d a t a  a r e  n e e d e d   a n d  
c o l l e c t e d .  Also ,* e x p a n d i n g   i n t o   n e w   e n g i n e e r i n g   p r o c e s s e s  c r e a t e s  
i n c r e a s i n g   a m o u n t s  o f  d a t a   w h i c h  m u s t  b e   m a n a g e d .  As t h e   a m o u n t  
o f  d a t a   i n c r e a s e s ,   t h e   n e e d  t o  c o r r e l a t e  a n d   m a n a g e   t h e   d a t a   i n  
a n   e f f e c t i v e   m a n n e r   b e c o m e s  a p r o b l e m .  A c o n c e r n   o v e r   t h e  
managemen t  o f  e n g i n e e r i n g   d a t a   h a s  s u r f a c e d  w i t h i n   t h e   p a s t   t e n  
y e a r s   a n d  will c o n t i n u e  t o  g r o w .  

The   end  i s  n o t   o b v i o u s .   H o w e v e r ,   w i t h i n   t h e   n e x t   d e c a d e ,  we will 
see e m e r g i n g   a n   i n t e g r a t e d   d e s i g n   d a t a   b a s e   c o n c e p t .   T h i s  will 
a l l o w  e n g i n e e r i n g   d a t a  t o  p r o v i d e   i n f o r m a t i o n  t o  v a r i o u s   l e v e l s  
o f  b o t h   p r o j e c t -   a n d   m a n a g e m e n t - o r i e n t e d   d e c i s i o n   m a k e r s .  
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I n   e l e c t r o n i c   d e s i g n   a l o n e ,  i t  i s  n o t  uncommon t o  f i n d  many o f  
t h e   f o l l o w i n g   e l e m e n t s :  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

S c h e m a t i c  o r  c i r c u i t  i n f o r m a t i o n  
D o c u m e n t a t i o n  
S i m u l a t i o n   m o d e l i n g   i n f o r m a t i o n  
D e s i g n   s p e c i f i c a t i o n s  
F i r m w a r e  
S o f t w a r e  
P r o j e c t  t r a c k i n g   a n d   m a n a g e m e n t   i n f o r m a t i o n  
R e l i a b i l i t y  i n f o r m a t i o n  
M e c h a n i c a l   s p e c i f i c a t i o n s  
G e n e r a l   m a n a g e m e n t   i n f o r m a t i o n  

T h i s   i n f o r m a t i o n  i s  r e q u i r e d   d u r i n g   t h e  R & D s e g m e n t  o f  most 
e l e c t r o n i c s  p r o j e c t s .  Once a p r o j e c t   h a s  been  p r o d u c t i z e d ,   m a r -  
k e t i n g ,   i n f o r m a t i o n   s a l e s   d a t a ,   p r o f i t   a n d  s e r v i c e  c o s t s  c a n   a l s o  
be  added  t o  t h e   i n f o r m a t i o n a l   d a t a  base .  T h e   p r o c e s s  o f  m a n a g i n g  
a n d   c o r r e l a t i n g   a l l   t h i s   d a t a   h a s  become a m o n u m e n t a l   t a s k .  

The n e e d  t o  manage  a n d  c o r r e l a t e   t h i s   i n f o r m a t i o n   h a s   b e e n  a b i g  
p r o b l e m .   A l t h o u g h  i t  i s  p o s s i b l e   t o   p r o v i d e   s u c h   c o r r e l a t i o n   w i t h  
c u r r e n t l y  e x i s t i n g  DBMS systems,  t h e  p r o c e s s i n g   e f f i c i e n c y   a n d  
time d e l a y s   h a v e  been u n a c c e p t a b l e  t o  resource  m a n a g e r s .  If we 
e m p h a s i z e   e f f i c i e n c y  r a t h e r  t h a n   f l e x i b i l i t y ,   d a t a   b a s e s  m u s t  b e  
m a i n t a i n e d   i n d i v i d u a l l y ,   a n d   t h e   a b i l i t y   t o   c o r r e l a t e   d a t a  i s  
l o s t .  R e d u n d a n t   i n f o r m a t i o n  wou ld  a l s o   b e   e n c o u r a g e d .  

T h e   g o a l   t h e n  i s  t o  i m p l e m e n t   a n   i n t e g r a t e d   d e s i g n   d a t a   b a s e  
system w h i c h   p r o v i d e s   t h e   f l e x i b i l i t y   n e c e s s a r y  t o  m a n a g e   v a r i o u s  
s e g m e n t s  o f  F u n c t i o n a l   D a t a   w h i l e   a l l o w i n g  maximum d a t a  
c o r r e l a t i o n .  I t  s h o u l d   r e q u i r e   m i n i m a l   d a t a   d u p l i c a t i o n  t o  d o  
t h i s   w h i l e   d e l i v e r i n g   m a x i m a l   p r o c e s s i n g   e f f i c i e n c y   t o   v a r i o u s  
e n g i n e e r i n g  s u b s y s t e m s .  

I n t e g r a t e d   D e s i g n  Data Base S y s t e m s  

E l e m e n t s  o f  t h e   i n t e g r a t e d   d e s i g n   d a t a   b a s e   i n c l u d e :  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ECB i n f o r m a t i o n  
S c h e m a t i c  c i r c u i t  i n f o r m a t i o n  
P r o j e c t  D o c u m e n t a t i o n / m a n u a l s  
M o d e l i n g   a n d   s i m u l a t i o n  
P r o j e c t  s p e c i f i c a t i o n s  
F i r m w a r e  
S o f t w a r e  
P r o j e c t  t r a c k i n g   a n d   m a n a g e m e n t   i n f o r m a t i o n  
M e c h a n i c a l   d r a w i n g s  
R e l i a b i l i t y   i n f o r m a t i o n  

e 
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T h i s   i n f o r m a t i o n  i s  r e q u i r e d   i n   t h e   r e s e a r c h   a n d   d e v e l o p m e n t  
s t a g e s  o f  a 1 1   p r o j e c t s .  If t h e  r e su l t s  o f  t h e  R & D a r e  t o  
p r o d u c e  a p r o d u c t i z a b l e   o u t p u t ,   t h e n   v a r i o u s   m a r k e t i n g ,   s a l e s ,  
s e r v i c e  , c u s t o m e r   p r o f i l e ,   a n d   o t h e r   p o s t - d e v e l o p m e n t   i n f o r m a t i o n  
will a l s o   b e   r e q u i r e d .  To i n t e g r a t e   t h i s   t h r o u g h  a s i n g l e  DBMS 
s y s t e m   r e q u i r e s   e x t e n s i v e   i n d e x i n g   a n d   m a s s i v e   a m o u n t s  o f  s tor-  
a g e .   P r o c e s s i n g  w o u l d  r e q u i r e   e x t e n s i v e   d a t a   s e a r c h e s   a n d  CPU 
r e s o u r c e s  f o r  e v e n   t h e   s i m p l e s t   t a s k s .  Also, e a c h   d a t a   s u b s y s t e m  
w o u l d  n e e d   f u n c t i o n a l  a s  well Bs p r o j e c t   i n d e x i n g .  

Figures 1 and 2 illustrate the concept of the integrated  design data 
b a s e   w i t h   s p e c i a l i z e d   t a s k   i n f o r m a t i o n   a n d   b o t h   f u n c t i o n a l   a n d  
p r o j e c t / p r o d u c t  s l i c e s .  S i n c e   t h e   i n t e g r a t i o n  o f  t h e   d e s i g n   d a t a  
b a s e   c o n t a i n s   t h e   v a r i o u s   s u b s y s t e m a l   d a t a   e l e m e n t s   ( r e q u i r i n g  
s o p h i s t i c a t e d   i n d e x e s )  , i t  w a s   d e c i d e d  t o  p u r c h a s e  a s t a n d a r d  
DBMS p a c k a g e   t o   p e r f o r m   t h e   p h y s i c a l   m a n a g e m e n t  o f  t h e   d a t a .  

Data I n t e r f a c e  

To supplement  and  simplify  the  functions of the  DBMS  package,  a  specialized 
data  base  interface  system was envisioned (fig. 3). The function of this 
interface is to bridge  the  gap  between  function  systems  and  the  conventional 
DBMS  package.  Verification of all  inquiries,  retrievals,  and  update  requests 
is  also a function of the Data  Base Interface. 

Working i n  c o n j u n c t i o n   w i t h   t h e   d a t a   b a s e   i n t e r f a c e  i s  a d a t a  
d i c t i o n a r y ,   w h i c h  i s  a l s o   m a i n t a i n e d  b y  t h e   i n t e r f a c e .   T h i s  
d i c t i o n a r y   c o n t a i n s   t h e  c o n t e n t s  o f  t h e  i n t e g r g t e d   d a t a   b a s e  
a l o n g   w i t h   p e r t i n e n t   i n f o r m a t i o n   f o r   t h e   s p e c i f i c   d a t a  s e t s ,  s u c h  
a s  who o w n s   t h e   d a t a ,   t h e   f r e q u e n c y   o f   u p d a t i n g ,   s p e c i f i c   c o n t e n t  
o f  t h e   v a r i o u s  f i e l d s ,  s e c u r i t y  c o n d i t i o n s  o f  t h e   d a t a ,   a n d  
a r c h i v a l   p r o c e s s e s .   T h i s   i n f o r m a t i o n  i s  n e e d e d  t o  p r o v i d e   t h e  
d e s i r e d  f l e x i b i l i t y   a n d  c o n t r o l  t o  make t h e   i n t e g r a t e d   d a t a   b a s e  
m o r e   e f f i c i e n t .  A m a j o r   a d v a n t a g e  o f  t h e   i n t e r f a c e  i s  i n  e s t a b -  
l i s h i n g  a common c o m m u n i c a t i o n   l a n g u a g e  f o r  a l l  users  o f  t h e  
i n t e g r a t e d   d a t a   b a s e .   T h i s   a l s o   a l l o w s   t h e  f l e x i b i l i t y  o f  
r e p l a c i n g   t h e   c u r r e n t  DBMS p a c k a g e   w i t h  f u t u r e  and more f l e x i b l e  
systems w h i l e   h a v i n g  a m i n i m a l   i m p a c t   o n   a l l  users  o f   t h e  
i n t e g r a t e d   d a t a   b a s e .   T h e   o n l y   m o d i f i c a t i o n s   n e c e s s a r y  f o r  s u c h  a 
c h a n g e   a r e  i n  t h e   j u n c t i o n  between t h e   i n t e r f a c e   a n d   t h e  n e w  DBMS 
p a c k a g e .  The r e q u i r e m e n t  f o r  users t o   l e a r n  a c o m p l e t e   n e w  
l a n g u a g e   w o u l d  b e  a l l e v i a t e d .  

Functional Data  System 
~ ~~ ~~ ~ 

T h e   l i m i t a t i o n   i m p o s e d  b y  m o s t  DBMS p a c k a g e s   c i r c u m v e n t s   t h e i r  
use i n  n o r m a l   f u n c t i o n a l  systems o f  most e l e c t r o n i c s   c o m p a n i e s .  
The s y s t e m  o v e r h e a d   r e q u i r e d   f o r   e v e n   t h e   s m a l l e s t   a m o u n t  o f  d a t a  
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h a n d l i n g  is  v e r y   h i g h   a n d   p r e c l u d e s   g e n e r a l   u s e   i n   t h e   n o r m a l  
d a y - t o - d a y   a c t i v i t y .  To o v e r c o m e   t h i s  loss  i n   e f f i c i e n c y  a s m a l l  
f u n c t i o n a l  d a t a  s e t  i s  c r e a t e d  t o  i n t e r f a c e   d i r e c t l y   i n t o   t h e  
s p e c i a l i z e d   s y s t e m s .   T h e  s p e c i a l i z e d  s y s t e m s   i n c l u d e   t h o s e  men- 
t i o n e d   a b o v e   s u c h  a s  ECB, d o c u m e n t a t i o n ,   s i m u l a t i o n   a n d   m o d e l i n g .  
T h e   f u n c t i o n a l  d a t a  a r e  f i r s t  g e n e r a t e d   b y   t h e   s p e c i a l i z e d  
s y s t e m s   a n d   m a i n t a i n e d   i n   f u n c t i o n a l  form u n t i l   r e a d y  f o r  i n c l u -  
s i o n   i n t o   t h e   i n t e g r a t e d  d a t a  b a s e .  The f u n c t i o n a l  d a t a  s t r u c t u r e  
i s  d e s i g n e d   a r o u n d   t h e   n e e d s  o f  t h e   s p e c i a l i z e d   s y s t e m s .   T h i s  
p r o v i d e s   t h e  max imum e f f i c i e n c y  t o  s y s t e m s   a n d   u s e r   i n t e r a c t i o n s .  
E a c h   s p e c i a l i z e d   s y s t e m  i s  d e s i g n e d   w i t h   t h r e e   t h o u g h t s   i n   m i n d :  

1 )  T h e   h u m a n   i n t e r f a c e  
2 )  User f l e x i b i l i t y  
3 )  M i n i m a l   s y s t e m s  a n d  d a t a  o v e r h e a d  

I n   s h o r t ,   e a c h   s p e c i a l i z e d   s y s t e m  i s  d e s i g n e d  w i t h  t h e  user i n  
m i n d .   U s i n g   f u n c t i o n a l   d a t a   i n  t h i s  m a n n e r   a l l o w s   r a p i d   r e s p o n s e  
t ime a n d   g r e a t e r   s y s t e m s   f l e x i b i l i t y .   T h i s   a l l o w s   t h e  b e s t  o f  
b o t h   w o r l d s :  d a t a  f l e x i b i l i t y   a n d   s y s t e m s   p e r f o r m a n c e .  

Once t h e   f u n c t i o n a l   d a t a  i s  r e a d y ,  i t  i s  i n t e g r a t e d   i n t o   t h e  
d e s i g n   d a t a  b a s e  t o  a l l o w  i t s  c r o s s - r e f e r e n c i n g   a n d   c o r r e l a t i o n  
w i t h   o t h e r  d a t a .  T h e   i n t e g r a t e d  d a t a  b a s e  i s  u p d a t e d   d a i l y   t o  
k e e p  t h e  i n f o r m a t i o n  a s  c u r r e n t   a s   p o s s i b l e .  Data  i n   t h e   t r a n s i -  
t i o n a l  s t a t e  ( n o t   f i n a l i z e d )  i s  f l a g g e d  a s  i n c o m p l e t e   d u r i n g  t h e  
u p d a t i n g   p r o c e s s .  

I t  i s  r e c o g n i z e d   a n d   a c c e p t e d   t h a t   d a t a   i n  t h e  f u n c t i o n a l   d a t a  
se t s  i s  u s u a l l y   r e d u n d a n t  w i t h  d a t a   i n   t h e   i n t e g r a t e d  d a t a  b a s e .  
We b e l i e v e   t h a t   t h e   i n c r e a s e d   e f f i c i e n c y   i n   r e s p o n s e  t ime 
w a r r a n t e d   b y  t h e  f u n c t i o n a l  d a t a  m o r e   t h a n   o f f s e t s  t h e  d u p l i c a -  
t i o n .  A t  a n y   o n e  t ime,  t h e   a m o u n t  o f  f u n c t i o n a l   d a t a   g e n e r a l l y  
m a k e s   u p  l 'ess t h a n  10% o f   t h e   t o t a l   d a t a   s t o r e d .  The u s e s   o f  
f u n c t i o n a l  d a t a  i n  t h e  d o c u m e n t a t i o n ,  E C B ,  s o f t w a r e ,  f i r m w a r e ,  
a n d   p r o j e c t   m a n a g e m e n t   s y s t e m s   h a v e   i n c r e a s e d  t h e  e f f e c t i v e n e s s  
o f   t h o s e   s y s t e m s   t r e m e n d o u s l y   o v e r   s y s t e m s   w o r k i n g   d i r e c t l y  from 
t h e   i n t e g r a t e d   d e s i g n  d a t a  b a s e .  

A g e n e r a l   a r c h i v a l   s y s t e m   w h i c h   s a v e s  a l l  f u n c t i o n a l  d a t a  o n  a 
d a i l y   b a s i s   w o u l d   a l s o  b e  i m p l e m e n t e d .  Data wou ld  b e  u p d a t e d   a n d  
c o n d e n s e d   w e e k l y   a n d   m o n t h l y   a n d   e v e n t u a l l y   c o n s o l i d a t e d   i n t o  a 
y e a r l y   a r c h i v a l   s y s t e m .  I t  wou ld  b e  p o s s i b l e   t o   r e t r i e v e   a n y  
f u n c t i o n a l   d a t a   m o d i f i e d   w i t h i n   t h e   D r e v i o u s  t w e l v e  m o n t h s .  All 
p e r m a n e n t   a r c h i v i n g   a n d   t r a c k i n g   w o u l d  b e  d o n e   f r o m   t h e   i n t e g r a t -  
e d  d e s i g n  b a s e .  T h i s  a r c h i v i n g  i s  a l s o   d o n e   d a i l y   w i t h  w e e k l y  a n d  

- 
m o n t h l y   c o n d e n s a t i o n .  
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Management Informat ion  a n d   S p e c i a l  Data Base I n q u i r i e s  

O n c e   t h e   d a t a   h a s   b e e n   i n t e g r a t e d   i n t o   t h e   d e s i g n   d a t a   b a s e ,  
t h e r e  a r e  two m e t h o d s  o f  r e t r i e v i n g   i n f o r m a t i o n .  

1 )  S i m p l e   r e q u e s t s   c a n   b e   m a d e   d i r e c t l y  i n t o  t h e  ' I D D B  ( v i a  
t h e   D B I F ) .  Ad h o c   a n d   s p e c i a l   r e q u e s t s  a r e  h a n d l e d   t h i s  
w a y .   U s u a l l y  a s  a 24 h o u r   t u r n a r o u n d   b a s i s  

2 )  R o u t i n e   m a n a g e m e n t   i n f o r m a t i o n   r e p o r t s   ( p r o g r a m s )   w o u l d  
e x t r a c t  a n d   r e f o r m a t   d a t a  from t h e  I D D B .  T h e s e   t a s k s  a r e  
u s u a l l y   p r e d i c t a b l e   a n d   c a n   b e   s c h e d u l e d .  

C u r r e n t  S y s t e m s  S t a t u s  

A t  t h e   p r e s e n t  t i m e ,  m o s t   o f   t h e   s p e c i a l i z e d   s y s t e m s  u s i n g  
f u n c t i o n a l   d a t a  a r e  i n   f u l l   o p e r a t i o n .  New s y s t e m s  a r e  b e i n g  
c o n s i d e r e d   w i t h   t h e   p l a n n e d   i m p l e m e n t a t i o n   o f ' o n e  o r  two p e r  year  
o v e r  t h e  n e x t  f o u r  t o  f i v e   y e a r s .  Many o f  t h e   s p e c i a l i z e d   s y s t e m s  
a r e  f e e d i n g   t h e i r   d a t a   i n t o   t h e   i n t e g r a t e d   d e s i g n   d a t a   b a s e .  We 
e x p e c t   t o   h a v e  100% c o n f o r m i t y  t o  t h i s   p r o c e s s   w i t h i n   t h e   n e x t  
e i g h t e e n   m o n t h s .   T h e   s p e c i a l i z e d   s y s t e m s   a n d   t h e   i n t e g r a t e d  
d e s i g n   d a t a   b a s e  a r e  c u r r e n t l y   o p e r a t i o n a l   o n  a DECSystem 1 0  and  
DECSystem 2 0 .  T h e s e  s y s t e m s  a r e  l o o s e l y   c o u p l e d   v i a  a s h a r e d   d i s k  
d r i v e .  All d a t a   a r e   c o m p l e t e l y   s h a r a b l e   a n d   a c c e s s i b l e  from 
e i t h e r   s y s t e m .   T h e   c o m m e r c i a l  DBMS p a c k a g e   u s e d   i n   h a n d l i n g   t h e  
p h y s i c a l   s t o r a g e   a n d   r e t r i e v a l  o f  t h e  d a t a  w a s   p u r c h a s e d  from 
N a t i o n a l   I n f o r m a t i o n   S y s t e m s ,   I n c .   ( N I S ) .   T h e   p a c k a g e   n a m e  i s  
DPL@. 

D u r i n g   t h e   e v a l u a t i o n   p h a s e  o f  t h e   c o n c e p t   d e s c r i b e d ,  we were 
a b l e  t o   d e t e r m i n e  t h a t  t h e  e f f i c i e n c y  a n d   u s a b i l i t y   o f  t h e  
f u n c t i o n   a n d   i n t e g r a t e d   d a t a   s y s t e m s   w a s  a b o u t  f o u r  times t h a t  o f  
g o i n g  w i t h  t h e  DBMS c o n c e p t   a l o n e .  Also, t h e   f l e x i b i l i t y   w h i c h  
a l l o w s   p r o c e s s i n g   a d   h o c   r e q u e s t s   o n   a n   o v e r n i g h t   b a s i s  h a s  
p r o v e d  t o  b e  e x t r e m e l y   v a l u a b l e .  We b e l i e v e   t h e   c o n c e p t ,  a s  
d e s c r i b e d   i n  t h i s  p a p e r ,   g i v e s   u s   t h e  bes t  a l t e r n a t i v e   i n  
p r o v i d i n g  systems f l e x i b i l i t y   a n d   e f f i c i e n c y   w h i l e   i m p o s i n g   m i n i -  
m a l   s y s t e m s   o v e r h e a d .   T h e   l a r g e s t   s i n g l e   p r o b l e m  i s  i n   o b t a i n i n g  
a " b u y - i n "   f r o m   t h e   a u t h o r s   a n d   o w n e r s   o f   e a c h   s p e c i a l i z e d  system 
i n   a l l o w i n g   t h e i r   d a t a  t o  b e   i n t e g r a t e d   i n t o   t h e   c e n t r a l   d a t a  
b a s e .   A l o n g   w i t h   t h i s   i n t e g r a t i o n   c o m e s   c e r t a i n   r u l e s   w h i c h  . 
g o v e r n  a c c u r a c y ,  i n t e g r i t y ,   a n d   u p d a t i n g   p r o c e d u r e s .  
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SYSTEMS  ARCHITECTURE  FOR DISTRIBUTED  APPLICATIONS 

R i c h a r d   P e e b l e s  

D i g i t a l   E q u i p m e n t   C o r p o r a t i o n  
Corpora t e   Resea rch   Group  

Maynard ,   Massachuse t t s  01754 

SUMMARY 

T h i s   p a p e r  describes t h e   k e r n e l  of a d i s t r i b u t e d   o p e r a t i n g   s y s t e m  called 
ADAPT. T h e   s y s t e m   r u n s   o n   t o p  of e x i s t i n g   s i n g l e  h o s t  o p e r a t i n g   s y s t e m s  t h a t  
are  n e t w o r k e d   t o g e t h e r .  I t 's  purpose  is t o  t r a n s f o r m   t h i s   n e t w o r k  of 
i n d i v i d u a l   s y s t e m s   i n t o  a s i n g l e   s y s t e m   t h a t  will be easier  f o r  a p p l i c a t i o n  
programmers t o  u s e .   T h i s   s i n g l e   s y s t e m   n e e d   n o t  be m o n o l i t h i c ;  ADAPT 
f a c i l i t a t e s  t h e  c o n s t r u c t i o n  of b o t h  i n t e g r a t e d   a n d   m o d u l a r   d i s t r i b u t e d  
s y s t e m s .  Note t h a t  t h e  ADAPT s y s t e m  is a r e s e a r c h   p r o j e c t ;  DEC h a s   n o   p l a n s  
t o  make t h i s  a p r o d u c t .  

1.0 " INTRODUCTION 

C u r r e n t l y  a l a r g e   e n g i n e e r i n g   e n t e r p r i s e   m u s t   u s e   C o m p u t e r  Aided Des ign  
t o o l s  e f f e c t i v e l y   i n  order t o  s u r v i v e .  The c o m p l e x i t y  of t h e   d e s i g n   p r o b l e m s  
f a r  e x c e e d s  t h e  s c o p e  of t h e  human m i n d .   T h i s  is a s  t r u e  f o r  computer  
v e n d o r s ,  who m u s t   d e a l  w i th  VLSI, a s  it is for  a e r o s p a c e   e n g i n e e r s   w o r k i n g   o n  
g i a n t   t r a n s p o r t s   a n d  missile s y s t e m s .  The s i z e  of these p r o b l e m s   f u r t h e r  
d i c t a t e s  t h a t  t h e  human teams  working  on them will be l a r g e   a n d  will r e p r e s e n t  
a b r o a d   s p e c t r u m  o f  t e c h n i c a l  sk i l l s .  Most l a r g e   c o r p o r a t i o n s   h a v e  
d i s t r i b u t e d   t h e i r   t e c h n i c a l  s t a f f  and t h e   r e s u l t  is t h a t  CAD t o o l s  t o  s u p p o r t  
a s i n g l e   l a r g e   p r o j e c t   m u s t   r u n   o n  a c o l l e c t i o n  of s e v e r a l   c o m p u t e r s   n e t w o r k e d  
t o g e t h e r .  

D e s p i t e   t h e   e l e g a n c e  of modern CAD t o o l s  (we can  draw g o r g e o u s   p i c t u r e s  
on a s c r e e n )   a n d   d e s p i t e   e n o r m o u s  strides i n   n e t w o r k i n g   t e c h n o l o g y ,   t h e  
comput ing   suppor t   env i ronmen t  is f a r  from s a t i s f a c t o r y .   I n  f a c t ,  it borders 
on d i sas te r ;  CAD t o o l s  h a v e   b e e n   d e v e l o p e d  a s  isolated p i e c e s .  To u s e  t h e  
o u t p u t  of a s y n t h e t i c  a id  i n  some a n a l y t i c  too l  t y p i c a l l y   r e q u i r e s  data  
c o n v e r s i o n  e f fo r t s  t h a t  dwarf H e r c u l e s '   c l e a n s i n g  of t h e  Aegean s tables .  
F u r t h e r m o r e ,  too ls  are o n l y   o c c a s i o n a l l y   t r a n s p o r t a b l e  from o n e   t y p e  of 
computer  t o  a n o t h e r  so t h a t  there may well be f i v e   d i f f e r e n t  CAD t o o l s  i n   u s e  
t h a t  a l l  do the same t h i n g .  

From t h e   v i e w p o i n t  of t h e   d e s i g n   e n g i n e e r s   a n d   p r o j e c t   m a n a g e r s  the 
s i t u a t i o n  is d i s a s t r o u s   b e c a u s e   t h e y  a re  "damned if t h e y  do and  damned i f  t h e y  
don '  ttt . The c o m p l e x i t y  of t h e   e n g i n e e r i n g   d e s i g n   p r o b l e m   d e m a n d s   t h e   u s e  of 
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CAD t o o l s  b u t  t h e  user must learn t o   t h r e a d  them t o g e t h e r  and must know how to 
dea l   w i th   mu l t ip l e ,   d ive r se   t oo l   i n t e r f aces ,   w i th   compute r   ne tworks ,   and   w i th  
mul t ip le   opera t ing   sys tems.  A l l  o f   t h i s   i n t e l l e c t u a l   e f f o r t  is d ive r t ed  from 
t h e   p r i n c i p a l   d e s i g n  task.  

I n  o r d e r   t o   s i m p l i f y  l i f e  f o r   t h e   d e s i g n   e n g i n e e r  and p r o j e c t  manager 
many organizat ions  have  developed some s o f t w a r e   t o   h e l p   i n t e g r a t e   t h e   d e s i g n  
too l s .   The re  may be a f i l e   t r a n s f e r   s y s t e m   t h a t  will r e l i a b l y  move d a t a  from 
one  computer t o   a n o t h e r   o r   t h e r e  may be some form  of  network command language 
t h a t   u n i f i e s   t h e  "JCL" o f   t he   va r ious   hos t   sys t ems .  They a d d r e s s   o n l y   t h e   t i p  
of t h e   i c e b e r g .  What is needed i s  a n   i n t e g r a t e d  system a r c h i t e c t u r e ,   l i k e   t h e  
IPAD sys t em,  t h a t   t u r n s   t h e  hodgepodge i n t o  a t r u l y   i n t e g r a t e d   c o l l e c t i o n   o f  
t o o l s .  We shou ld   r ecogn ize   t ha t  we are s t i l l  i n   o u r   i n f a n c y   i n   t h e   s p a c e   o f  
d i s t r ibu ted   sys t em  a rch i t ec tu re s .  The s i t u a t i o n  is a n a l o g o u s   t o   t h a t   o f   d a t a  
base management i n  the  mid t o   l a t e  60's; IMS and  Codasyl  Systems are n o t   t h e  
whole  answer. They were designed  with a focus  on f i l e  systems and e n r i c h   t h e  
re la t ionships   be tween  records .  I t  was n o t   e a s y   t h e n   t o  see t h e  h ighe r  levels  
o f   a b s t r a c t i o n   t h a t   l e a d   t o  more e legant   da ta   base  management a r c h i t e c t u r e s .  
Likewise,  we do  not  see t h e  more e l e g a n t   d i s t r i b u t e d   s y s t e m   a r c h i t e c t u r e s ,   o r  
i f  we do we cannot see how t o  make t h e   t r a n s i t i o n   t o  them. We need t o  examine 
many a l t e r n a t i v e s .  The r e s e a r c h   g r o u p   a t  DEC has   cons ide red   t he   des ign   o f   one  
a l t e r n a t i v e :  ADAPT (Advanced D i s t r i b u t e d  Appl ica t ion  Programming Tools) . I n  
t h e   f o l l o w i n g   s e c t i o n s  we g i v e  a b r i e f   o v e r v i e w   o f   t h e  ADAPT approach w i t h  
spec ia l   focus  on i t s  ke rne l  ( I P E X  e q u i v a l e n t ) .  

2.0 MOTIVATION FOR ADAPT 

ADAPT s t a n d s   f o r  Advanced D i s t r i b u t e d  Appl ica t ion  Programming Tools.  It 
i s  a c o l l e c t i o n   o f   s o f t w a r e   i n t e n d e d   t o   s i m p l i f y   t h e   c o n s t r u c t i o n  of 
d i s t r i b u t e d  systems. C u r r e n t l y   t h e  ADAPT s y s t e m  i s  be ing   des igned   and  
implemented  by t h e  Computer Systems  Research  Group a t   D ig i t a l   Equ ipnen t  
Corporation. 

Programming is recognized   as  a d i f f i c u l t   t a s k  and t h e   d i f f i c u l t i e s  have 
been compounded with  the  development  of computer  networks. An a p p l i c a t i o n   t h a t  
uses resources  on several   machines  must  be structured a s  a network  of 
coopera t ing   processes .  I n  consequence, a programmer m u s t  now th ink   about  t h i s  
p r o c e s s   s t r u c t u r e   i n   a d d i t i o n   t o   t h i n k i n g   a b o u t   t h e   a p p l i c a t i o n   l o g i c  ( i . e . ,  
c r e a t e   p r o c e s s e s   , d e s i g n   t h e   p r o t o c o l s ,   a n d   r e c o v e r   f r o m   f a i l u r e s ) .  
App l i ca t ion   p rog rams   a r e   l i t t e r ed   w i th   s t a t emen t s   fo r  managing the  network and 
p r o c e s s   p r o t o c o l s   t h a t   h a v e   n o t h i n g   t o   d o   w i t h   t h e   a p p l i c a t i o n .  Debugging  such 
process   networks  promises   to   border  on i m p o s s i b i l i t y   u n l e s s  some s imple 
programing  methodologies   can be  d e s i g n e d .   T h i s   s i t u a t i o n  is a n a l a g o u s   t o   t h e  
ea r ly   days   o f   da t a  management when each  programmer  wrote h i s  own 1/0 code and 
d e a l t  w i t h  phys i ca l  d i s k  ( t a p e )  structures t h a t  had  no r e l a t i o n   t o  h i s  
a p p l i c a t i o n   d a t a  structures.  

I n  add i t ion   t o   t he   p rob lems   o f   cons t ruc t ing   app l i ca t ion   p rocess   ne tworks ,  
it is  n e c e s s a r y   t o   e n s u r e   t h a t   p r o c e s s e s  i n  a net  can   synchron ize   t he i r  
a c t i o n s  and t h a t   s e p a r a t e   p r o c e s s   n e t w o r k s   c a n   s e r i a l i z e   t h e i r   b e h a v i o r .  The 
l a t t e r   s i m p l y  means t h a t   t h e  resu l t  o f   t he   concur ren t   execu t ion   o f   s epa ra t e  
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p r o c e s s   n e t w o r k s  is e q u i v a l e n t  to  the r e s u l t  of e x e c u t i n g   t h e m   s e r i a l l y  (Ref. 
1) .  S e v e r a l   a u t h o r s   h a v e  described s y n c h r o n i z a t i o n   a l g o r i t h m s  t h a t  c a n  be  
used .   Whicheve r   a lgo r i thm is c h o s e n ,   s y n c h r o n i z a t i o n   s h o u l d  be p rov ided  as a 
s y s t e m   l e v e l   s e r v i c e   a n d   s h o u l d   n o t  be embedded i n  a da t a  base m a n a g e r   s i n c e  
c o o r d i n a t i o n   m u s t  be a c h i e v e d   o v e r  a l l  r e s o u r c e s ,   n o t   j u s t  da t a .  

The ADAPT s y s t e m   c o n s i s t s  of f o u r   p r i n c i p a l   e l e m e n t s :  t h e  d i s t r i b u t e d  
o p e r a t i n g   s y s t e m   k e r n e l ,   s y s t e m   s y n c h r o n i z a t i o n ,   d a t a   m a n a g e m e n t   s e r v i c e s ,   a n d  
a p p l i c a t i o n   s p e c i f i c a t i o n   s e r v i c e s .   T h e   k e r n e l  i s  t h e  s u b j e c t  of t h i s   p a p e r ;  
the  o t h e r   t h r e e   e l e m e n t s  are m e n t i o n e d   o n l y   b r i e f l y .   S y s t e m   s y n c h r o n i z a t i o n  is 
n o t   i n   t h e   k e r n e l   b e c a u s e  i t  i s  an e x p e n s i v e   s e r v i c e   ( i n  terms of message  
t r a f f i c  and time d e l a y s ) .  We wish  t o  l e a v e  it as a n   o p t i o n  to  the a p p l i c a t i o n  
p r o g r a m e r .  Data management i s  s u c h  a f u n d a m e n t a l   p a r t  of a n y   a p p l i c a t i o n  t h a t  
it mus t  be p rov ided  a s  p a r t  of t h e  o p e r a t i n g   s y s t e m   s e r v i c e s .  We g i v e  a brief 

' s k e t c h  of how da ta  management f i t s  i n t o  t h e  a r c h i t e c t u r e   i n  s ec t ion  4. 
A p p l i c a t i o n   s p e c i f i c a t i o n   i n  a d i s t r i b u t e d   s y s t e m  is l a r g e l y  a wide open 
research i s s u e .  A t  p r e s e n t   t h e  ADAPT s y s t e m   p r o v i d e s  a u t i l i t y  ca l led  t h e  
C r e a t o r   t h a t   h e l p s   p r o g r a m m e r s  to  se t  u p   p r o c e s s   n e t w o r k s .   T h e   C r e a t o r  is a l so  
d i s c u s s e d   b r i e f l y   i n   s e c t i o n  4. 

T r a d i t i o n a l l y ,   o p e r a t i n g   s y s t e m s   p l a y  a d u a l  ro le  -- m u l t i p l e x i n g   s y s t e m  
r e s o u r c e s   a n d   f u r n i s h i n g  a s i m p l e r   v i r t u a l   m a c h i n e  t o  t h e  programmer.   In  
l o o s e l y   c o u p l e d   n e t w o r k s   m u l t i p l e x i n g  is l a r g e l y  a s t a t i c  or  local  i s s u e .  It 
i s  n o t   f e a s i b l e  t o  d y n a m i c a l l y   a d j u s t  t h e  workload  across p r o c e s s o r s ,  a s  t h e  

' time t o  r e - a d   j u s t  t h e  l o a d  is much l o n g e r   t h a n  t h e  time c o n s t a n t  of t h e  load. 
Our i n t e r e s t  i s  i n   t r y i n g  t o  d e s i g n  a n e t w o r k   o p e r a t i n g   s y s t e m  t h a t  will 
p r o v i d e  a s i m p l e r   v i r t u a l   m a c h i n e .  

The a p p r o a c h   t a k e n   i n  ADAPT and other  d i s t r i b u t e d   o p e r a t i n g   s y s t e m s  
(Refs. 2, 3, 4 ,  5 )  i s  t o  assume t h a t   a l l   a p p l i c a t i o n s  w i l l  be s t r u c t u r e d  a s  
ne tworks  of c o o p e r a t i n g   p r o c e s s e s  whether t h e y  are d i s t r i b u t e d  or n o t .  
I n t e r p r o c e s s   c o m m u n i c a t i o n  ( I P C )  i s  d e s i g n e d  t o  be i n d e p e n d e n t  of l o c a t i o n .  
T h a t  is ,  i n t e r - h o s t  I P C  i s  d o n e   i n   e x a c t l y  t h e  same way a s   i n t r a - h o s t  I P C .  
P rogrammers   dea l  w i t h  o n l y   o n e   c o m m u n i c a t i o n   i n t e r f a c e   a n d   a r e   a b l e  t o  i g n o r e  
t h e  a s s i g n m e n t  of p r o c e s s e s  t o  h o s t s  when t h e y  write code. A s  we will see i n  
t h e  n e x t   s e c t i o n ,  t h e  ADAPT model a l so  m i n i m i z e s  t h e  p r o c e s s   n e t w o r k   a s p e c t s  
i n  t h e  a p p l i c a t i o n  code. D i s t r i b u t e d   a p p l i c a t i o n s   c a n n o t   i g n o r e  t h e  
p e r f o r m a n c e   a s p e c t s  of p r o c e s s   l o c a t i o n   b u t   t h a t  is much s i m p l e r  t o  do when it 
is  f a c t o r e d   o u t  of the problem of cod ing  the a p p l i c a t i o n   l o g i c .  The ADAPT 
k e r n e l   e n c o u r a g e s  t h i s  s e p a r a t i o n .  

C u r r e n t   n e t w o r k   a r c h i t e c t u r e s  do p a r t  of t h e  job.  I n  DECnet (Ref. 6) 9 for 
example ,  it is  poss ib le  t o  s e n d   m e s s a g e s  l o c a l l y  and remotely w i t h   e x a c t l y  t h e  
same- s y n t a x .  It- is still the  case, 
low l e v e l   p r o c e s s   o p e r a t i o n s .  A t  
b e l i e v e   t h a t   p r o g r a m m i n g   c a n  be 
k e r n e l .  

h o w e v e r ,   t h a t  t h e  programmer  must dea l -  w i t h  
a minimum error r e c o v e r y  i s  d i f f i c u l t .  We 
s i m p l i f i e d   t h r o u g h  the u s e  of t h e  ADAPT 

* 
bandwidth   be tween hosts measured 

p e r   s e c o n d  
i n   t h e   t e n s  or h u n d r e d s  of k i l o b i t s  
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3.0 THE ADAPT KERNEL 

Network o p e r a t i n g   s y s t e m s  may be des igned  t o  be  t h e   o n l y   o p e r a t i n g   s y s t e m  
r u n n i n g   . i n  a h o s t  or a s  g u e s t   s y s t e m s   r u n n i n g   o n   t o p   o f  an e x i s t i n g   h o s t  
o p e r a t i n g   s y s t e m  (Ref. 4). Examples of g u e s t   s y s t e m s  a re  t h e  NSW system (Ref. 
7 )  and t h e  IPEX sys tem  be ing   des igned  by  Boeing (Ref 8 1. The ADAPT k e r n e l  is a 
g u e s t   s y s t e m   l a y e r e d  on D E C ' s  VAX/VMS (Refs. 9,  10, 11 1. T h i s  is described 
f u r t h e r   i n   s e c t i o n  5 where the c u r r e n t   i m p l e m e n t a t i o n   p l a n s  are s k e t c h e d .  

The ADAPT k e r n e l  i s  a d i rec t  d e s c e n d e n t   o f  t h e  WEB system  designed  by Jim 
Hamilton (Refs. 12, 13). WEB i s  a h o s t   k e r n e l   t h a t   s u p p o r t s  t h e  o b j e c t  model 
(Ref. 14) . The basic c o n c e p t   i n   b o t h  WEB and ADAPT i s  t h a t  t h e  programmer's 
e n v i r o n m e n t   c o n s i s t s   o f  a c o l l e c t i o n   o f   t y p e d   o b j e c t s   e a c h   w i t h  a limited set  
o f   o p e r a t o r s   ( f u n c t i o n s )  t h a t  can be a p p l i e d   t o  i t .  

The ADAPT k e r n e l   a p p r o x i m a t e s   t h e  WEB model a s  a l a y e r  on t o p   o f  VAX/VMS 
and DECnet-VAX (Ref. 6 1 . 

I n  i t s  Irpure"  form t h e  o b j e c t   m o d e l   s t r u c t u r e s   e v e r y t h i n g   i n   t h e   s y s t e m  
a s   a n   o b j e c t .  Numbers, c h a r a c t e r   s t r i n g s ,   a n d   r e c o r d s   i n  f i l e s  a re  a l l  
r e p r e s e n t e d   i n   t h i s  way. However, o b j e c t s   i n   t h e  ADAPT system will have 
c o a r s e r   g r a n u l a r i t y .   T y p i c a l l y   t h e y  will be  t h i n g s   l i k e  f i l e s  a n d   d a t a   b a s e  
segments.  This is because we w i s h   t o   e x p l o i t   e x i s t i n g   s o f t w a r e   w h e r e v e r  
p o s s i b l e ,  a bas ic  m o t i v a t i o n   f o r   g u e s t   s y s t e m s .  If we were t o  se t  u p   r e c o r d s  1 

as  ADAPT o b j e c t s ,   f o r   e x a m p l e ,  it would be necessa ry   t o   r e - implemen t  VAX/VMS1s 
record  management  system, RMS-32. We may e v e n t u a l l y   r e c o n s t r u c t  f i l e  system 
s o f t w a r e ,   b u t   t h e   e x i s t i n g   s o f t w a r e   m u s t  be u s a b l e  as  well. T h i s  leads t o  a 
c e r t a i n   l a c k   o f   a e s t h e t i c   b e a u t y ;  t h e  s y s t e m   d o e s   n o t   h a v e   t h e   s e c u r i t y  
p r o p e r t i e s   t h a t   o n e  would l i k e  and a p p l i c a t i o n   s t r u c t u r e s   a r e   o f t e n  more 
complex  than  they  would be i n  a h o s t  system b u i l t   u s i n g  a common model. 
Desp i t e   t hese   d rawbacks ,  it is  o u r   c o n t e n t i o n   t h a t   t h e  ADAPT a r c h i t e c t u r e  
r e p r e s e n t s  a m a j o r   a d v a n c e   i n   e a s e  of app l i ca t ion   deve lopmen t .  

3.1 The V i r t u a l  Machine 

3.1 . I  Objects  and   Types .   Each   ob jec t   has  a t y p e  t h a t  i s  de f ined   by  t h e  s e t  
o f   o p e r a t o r s  t h a t  can be a p p l i e d   t o  i t .  E v e r y   o b j e c t   h a s   a n   a s s o c i a t e d   t y p e  
o b j e c t   t h a t   s u p p l i e s  t h e  d e f i n i t i o n   o f  i t s  o p e r a t o r s .   S p e c i f i c a l l y ,  the  t y p e  
o b j e c t   l e a d s  t h e  k e r n e l   t o  a l i s t  o f   a l l  t h e  o p e r a t o r s   f o r   t h e   t y p e .   E a c h  
o p e r a t o r   e n t r y  has  a c o r r e s p o n d i n g   e x e c u t i o n   d e s c r i p t o r   t h a t   p r o v i d e s   t h e  
k e r n e l  w i t h  a s p e c i f i c a t i o n   o f  t h e  p r o c e s s   t h a t  will e x e c u t e  t h e  o p e r a t o r .  A 
s imp le  case is shown i n   f i g u r e  1. T h i s  f i g u r e   s h o w s   t h e   o b j e c t   c o n t r o l   b l o c k  
a n d   a s s o c i a t e d   d a t a   s t r u c t u r e s   t h a t  are used i n   a c c e s s i n g   a n   o b j e c t .  Object 
c o n t r o l   b l o c k s   a r e   c o l l e c t e d   i n t o  a ( d i s t r i b u t e d )   o b j e c t   c o n t r o l  t a b l e  t h a t  i s  
used t o   f i n d  a r e f e r e n c e d   o b j e c t .  These are no t   pa r t   o f   t he   p rog rammer ' s  
model,  however (see s e c t i o n  5 ) .  The t y p e   o b j e c t   d e f i n e s  what f u n c t i o n s  m u s t  
be s p e c i f i e d  and t h e   o b j e c t   c o n t r o l   b l o c k  l eads  t o  t h e  f u n c t i o n   d e f i n i t i o n s  
s p e c i f i c   t o  a g i v e n   o b j e c t .  T h i s  p e r m i t s   v a r i a n t   r e p r e s e n t a t i o n s   o f  a t y p e .  
The c o d e   t h a t  executes t h e   o p e r a t o r s   f o r  a g iven   t ype  is c a l l e d   t h e   t y p e  
subsys tem.  The kerne l  does  not   implement  these o p e r a t o r s ;  it a c c e p t s   r e q u e s t s  

- 
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for  operations on objects ,   locates  t h e  objects ,  and ini t ia tes   the  execut ion 
of t h e  operator. The type  subsystem is a user  written  application program. 

Objects  are  not  replicated i n  the system. That is ,  the k e r n e l  does  not 
allow a user   to   c rea te  m u l t i p l e  copies  of an object.  If  information is t o  be 
replicated  for performance  gains  then it mus t  be stored i n  separate  objects. 
Repl icat ion  for   faul t   to lerance will occur b u t  will not be external ly  v i s i b l e  
as  multiple  object  copies. A discussion of 
i t s e l f  and cannot be addressed  here. 

New types can be defined and instances  of 
users w i t h  au tho r i ty   t o  do so.  The creat ion of 
kernel  object  calied  the  root  that   defines  the 

faul t   to lerance is a paper i n  

a given  type  can be created by 
a new type requires access   to  a 
operations on t y p e  objects .  

3.1.2  Addressing.  Objects  are  referenced w i t h  capabi l i t i es   cons is t ing  of  an 
iden t i f i e r  and a rights  vector  (Refs.  15, 16). The identifier  of  each  object 
i s  unique  across a l l   h o s t s  and over a l l  time. The rights  vector  portion of a 
capabi l i ty   specif ies  which of t h e  operators on that   object  can be applied by 
the  holder of the  capabi l i ty .   Capabi l i t ies   are   s tored i n  the  normal address 
space of a program i n  encrypted form. The kernel  decrypts them before  use. 
Because the  capabi l i ty  i s  i n  the  user 's  address  space he  can a l t e r  it , b u t  
capab i l i t i e s   a r e  over 100 b i t s  long and the  probability  of  producing a valid 
ident i f ie r   o r  of increasing  the r i g h t s  on the same object  i s  low. Given the  
implementat ion  as  a l a y e r  on  an ex i s t ing   ope ra t ing   sys t em  the re   a r e  
undoubtedly eas ie r  ways to   gain  access  t o  objects  i n  the  system. The intent   of  
t h e   c a p a b i l i t y  r i g h t s  vec tor  and of   encrypt ion i n  t h i s  gues t   kerne l  
archi tecture  is to   protect   against   accident  more than to   p ro tec t   aga ins t  
malice. 

3.1.3 Operator  Invocation. A program requests an operation on  an object i n  
much the same s t y l e   a s  a func t ion   ca l l :   f (o ,p) .  Here, f i s  the  operat ion  to  be 
executed, o is the  object , and p is a parameter l ist .  The semantics, however, 
more closely  resembles  stylized message passing (Refs. 2,  17) .  The invocation 
<f ,o ,p> is packaged up i n  an ADAPT object  called an invocation  segment(i-seg) , 
the   object ,  0 ,  is  located by  the  kernel,  and the  invocation segment i s  
queued for  the  process  that implements operations on that   object   ( the  type 
subsystem  mentioned above). The call ing  process i s  given a capabi l i ty   for   the 
invocation segment. When the  called  process  dequeues  the  invocation it too 
obtains a capabili ty  for  the  invocation segment. The called  process will 
execute a 'complete'  function on the  invocation segment when it is done. The 
c a l l e r  can execute a 'wai t '   or   ' tes t '   funct ion on the  invocation segment a t  
any p o i n t  i n  time. A 'wait '  will block  further  execution  of  the  caller u n t i l  
the  type  defining system  executes a corresponding  'complete'.  Figure 2 
i l l u s t r a t e s  t h e  re la t ion  of the  call ing  process,   called  process,   invocation 
segment, and the  execution  descriptor.  The data   s t ructures   of   f igure 1 a r e  
the  vehicle f o r  locating  the  execution  descriptor. 

Invocation  segments  are  objects  like any other .   Capabi l i t ies   for  them can 
be passed between processes and it need not be the   o r ig ina l   ca l le r   tha t  
executes  'wait '  and ' tes t '  operations. T h i s  permits  very  f lexible  structuring 
of the  application  process  networks. 
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3.1.4  Encapsulation. The ADAPT k e r n e l   i s o l a t e s  a programmer from t h e  
implementa t ion   of   an   ob jec t   type :   the   type  i s  encapsula ted .  The programmer 
may b e  aware   o f   the   under ly ing   process   s t ruc ture   bu t  he  does   no t   r ea l ly   have  
t o   d e a l   w i t h   t h e   c o m p l e x i t i e s   o f   p r o c e s s   n e t s .   R a t h e r ,   h e   t h i n k s   o f   r e q u e s t i n g  
func t ion   execut ion  and be ing   ab le   t o  test completion. The implementation  of an 
ope ra t ion  i s  hidden  by  the  type  subsystem. I t  is p o s s i b l e   t h a t   a n   o p e r a t i o n  on 
an   ob jec t  is implemented i n   p a r t  by o p e r a t i o n s  on o t h e r   o b j e c t s .  

3.1.5 Primitive Types .   The re   a r e   ce r t a in   ob jec t   t ypes   t ha t   a r e   imp lemen ted  
by t h e  kernel and a r e  needed to   "boo t s t r ap"   t he   sys t em.  These inc lude   t he  
fol lowing:  

o processes  

o type  objects 

o invoca t ion  segments 

o e x e c u t i o n   d e s c r i p t o r s :   t h e s e  a r e  p a r t  of t h e   t y p e  
de f in i t i on   and   spec i fy   i n fo rma t ion  about t h e   p r o c e s s   t h a t  
will execu te   t he   r eques t ed   ope ra t ion .  Not a l l  o p e r a t o r s  for 
a given  type  need  be  executed  by  one  process.  I n  p r i n c i p l e ,  
t h e r e   c a n  be one  process  per ope ra to r   pe r  object in s t ance .  

I n  p r a c t i c e ,  it will be  common f o r  there t o  be a s e p a r a t e   p r o c e s s   f o r  
each  instance  of  a type b u t  t h a t   p r o c e s s  will implement a l l   o p e r a t o r s   o f   t h e  
type .  The l a t t e r  model i s  t h e   u s u a l   n o t i o n   o f  a resource   moni tor   o r  
c o n t r o l l e r .  

3.2  Programming w i t h  ADAPT 

3.2.1 Type  Subsystems. I n  o r d e r   t o   d e f i n e  a t y p e  a programmer must  c r e a t e  
t h e  type   ob jec t ,  t h e  execu t ion   desc r ip to r (  s> and t h e   o p e r a t o r s .  This is done 
b y  invoking   the   ' c rea te - type '   opera tor  on t h e   r o o t ,   p a s s i n g   t h e   e x e c u t i o n  
d e s c r i p t o r (  s> and t h e  ope ra to r s   a s   pa rame te r s .  The opera tors   a re   p rograms 
w r i t t e n  i n   a n y   l a n g u a g e .   ( T h e   k e r n e l   m a k e s   n o   a t t e m p t   t o   d e a l   w i t h  
i n c o n s i s t e n c i e s  of r e p r e s e n t a t i o n  i n  var ious  languages.  A Cobol  program t h a t  
passes   an   a r ray   parameter   to  a For t ran  writ ten type  subsystem will l i k e l y   g e t  
s u r p r i s e  results. Such problems  are  handled by ADAPT components   that   are  
e x t e r n a l   t o   t h e  kernel . )  

The  t y p e  s u b s y s t e m  p r o g r a m   o b t a i n s   i n v o c a t i o n s  by e x e c u t i n g  t h e  
' ge t -nex t - ca l l '   ope ra to r  on i t s  co r re spond ing   execu t ion   desc r ip to r .   I f   one  
process   implements   severa l   opera tors   o f  a type  then t h e  invocation  segment 
w i l l  need t o  be pa r sed   t o   de t e rmine  which func t ion  is reques ted .  

There will b e   s t a n d a r d   l i b r a r y   r o u t i n e s   a v a i l a b l e  t o  do t h i s .   T y p i c a l l y ,  
a programmer will se t  up  h i s   o p e r a t o r s   a s   m u l t i p l e  e n t r y  p o i n t s   i n  a 
s u b r o u t i n e ;   t h e   l i b r a r y   c o d e  will be l i n k e d  i n   a s   t h e  "main  programv1 and will 
c a l l   t h e   r e l e v a n t   o p e r a t o r   a f t e r   p a r s i n g   a n   i n v o c a t i o n  segment. A l l  o p e r a t o r s  
will r e t u r n  t o  t h e  main  program a t   t h e  end of   processing a r eques t .  This is 

330 



i l l u s t r a t e d   i n   f i g u r e  3 .  

3.2.2 I n v o k i n g  & C o m p l e t i n g   O p e r a t o r s .  A program t h a t  wishes t o  invoke   an  
o p e r a t i o n   o n   a n  object will c a l l  t h e   k e r n e l   ' i n v o k e '   o p e r a t o r .   T h i s  too i s  
implemented as  a l i b r a r y   r o u t i n e  t h a t  knows how t o  deal w i t h   t h e  "real" 
k e r n e l ;  see f i g u r e  4. T h e   o p e r a n d   c a p a b i l i t y ,  t h e  o p e r a t o r ,   a n d   t h e  
p a r a m e t e r s   a r e   i n p u t   p a r a m e t e r s   a n d  a c a p a b i l i t y  fo r  the i n v o c a t i o n   s e g m e n t .  
Errors i n  the e x e c u t i o n  of t h e  o p e r a t o r   a n d   r e t u r n   p a r a m e t e r s  will be p l a c e d  
i n  the i n v o c a t i o n   s e g m e n t  i t s e l f .  T h i s  i n f o r m a t i o n  is o b t a i n e d   f o r  the  ca l le r  
when h e   e x e c u t e s  a ' g e t - r e s p o n s e '   f u n c t i o n   o n   a n   i n v o c a t i o n   s e g m e n t  t h a t  is i n  
the  comple t e  s t a t e .  It is p o s s i b l e  t o  i s s u e   a n   ' a b o r t '   o p e r a t i o n  fo r  a g i v e n  
i n v o c a t i o n .  T h i s  w i l l  s u c c e e d  i f  the  t y p e   d e f i n i n g   s y s t e m   h a s   n o t   y e t   d e q u e u e d  
t h e  i n v o c a t i o n .  

An a d d i t i o n a l   k e r n e l   s e r v i c e  is t h e  ' r es t r ic t '  o p e r a t i o n   t h a t   t a k e s  a 
c a p a b i l i t y   a n d  a f u n c t i o n  l ist  a s  p a r a m e t e r s   a n d   t u r n s  o f f  t h e  r i g h t s  for t h e  
l i s t e d  f u n c t i o n s  (if t h e y  were o n )   a n d   t h e n   r e t u r n s   t h e  new c a p a b i l i t y .  

4.0 OTHER ADAPT ELEMENTS 

A s  was n o t e d   i n  t h e  i n t r o d u c t i o n ,  t h e  k e r n e l   p r o v i d e s  a r e l a t i v e l y  
p r i m i t i v e   e n v i r o n m e n t  f o r  programming; it i s  n o t  a c o m p l e t e   d i s t r i b u t e d  
o p e r a t i n g   s y s t e m .   S y s t e m   s y n c h r o n i z a t i o n   p r i m i t i v e s   a n d   d a t a   m a n a g e m e n t  
s e r v i c e s   a r e   l a y e r e d   o n   t o p  o f  t h e  k e r n e l .  We w i l l  s k i p   o v e r  t h e  
s y n c h r o n i z a t i o n   p r i m i t i v e s   a n d   b r i e f l y  describe how d a t a  management s e r v i c e s  
c a n  be c o n s t r u c t e d   u s i n g  t h e  ob jec t  model. 

4 . 1  Data  Management 

D a t a   M a n a g e m e n t   s e r v i c e s   i n   a n  ADAPT s y s t e m  will b e  p r o v i d e d   b y   d e f i n i n g  
d a t a   t y p e s   a s  ob jec t  t y p e s .  A t  a p r i m i t i v e   l e v e l  we c a n   d e f i n e   c o n v e n t i o n a l  
s e r v i c e s   s u c h   a s   s e q u e n t i a l  f i l e s ,  indexed  f i l e s ,  and t h e  l i k e .  A t  a h i g h e r  
l e v e l  a p r o g r a m m e r   c a n   c r e a t e   t y p e s   s u c h  as " i n v e n t o r y   d a t a  base" w i t h  
o p e r a t o r s   s p e c i f i c  t o  t h a t  d a t a   s t r u c t u r e .  Then i n s t a n c e s   c a n  be  c r e a t e d   a t  
v a r i o u s  s i tes  i n  a ne twork .  The operators of these t y p e   s u b s y s t e m s   c o n t a i n  
t h e  l o g i c  f o r  d e a l i n g  w i t h  d i s t r i b u t e d  d a t a  s t r u c t u r e s   s u c h  a s  s t o r e  
o p t i m i z a t i o n s   a n d  search s t r a t e g i e s .  

F i r s t ,   s u p p o s e  t h a t  t h e   g o a l  is t o  p r o v i d e  a d i s t r i b u t e d  f i l e  s y s t e m   i n  
wh ich   each  f i l e  i s  w h o l l y   c o n t a i n e d  a t  a h o s t .  The ob jec ts  t h e n   a r e  t h e  f i l e s  
t h e m s e l v e s   a n d   p o s s i b l y   d i r e c t o r y  ob jec t s .  The t y p e s  will be s e q u e n t i a l  f i l e ,  
r andom f i l e ,  i n d e x e d   s e q u e n t i a l  f i l e ,  a n d   d i r e c t o r y  w i t h  t h e  o b v i o u s  
o p e r a t o r s .  The code t h a t  implements  these  object ' t y p e s   c a n  be s t a n d a r d  f i l e  
s y s t e m  code w i t h  t h e  e x c e p t i o n  o f  d i r e c t o r y  o b j e c t s .  The l a t t e r   m u s t  
u n d e r s t a n d   t h a t   t h e y  are p a r t  of a c o l l e c t i o n  of d i r e c t o r y  objects  a n d   c o n t a i n  
s e a r c h   a l g o r i t h m s   t h a t  will f i n d   t h e  remote f i les .  Also t h e y   m u s t   e n s u r e  t h a t  
p r o c e s s e s   e x e c u t i n g   o n   s e p a r a t e  hosts d o n ' t   d e a d l o c k  when t r y i n g  t o  open f i l e s  
for e x c l u s i v e   u s e .   T h a t  i s ,  t h e  d i r e c t o r y  o r  f i l e - o p e n '   p r o c e s s e s   m u s t  
u t i l i z e  t h e  s y s t e m   s y n c h r o n i z a t i o n   m e c h a n i s m .  
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Note tha t   there  is no intention  to  use t h e  object  location  algorithms  of 
the   kerne l   to   f ind  a f i l e  i n  the  system. The kernels  cannot  exploit  knowledge 
of appl icat ions  to   select   eff ic ient   search  s t ructures .  T h i s  will be typical ;  
search   s t ra teg ies  will of ten   res ide  i n  data management logic ,   especial ly  when 
t h e  more e l abora t e   ope ra to r s   o f   h ighe r  l eve l  da t a   mode l s   a r e   t o  be 
implemented. What the k e r n e l  does  provide i s  a simpler programming model and 
correct  operation on those  rare  occasions when a f i l e   , o b j e c t  has been moved 
b u t  is not  recorded  correctly i n  the  directory.  (Possibly  because  the move i s  
temporary.) T h i s  is because t h e  directory entries t r a n s l a t e   f i l e  names in to  
capabili t ies;   not  host   addresses.  

Now i f  one wished to implement a d i s t r i b u t e d   f i l e  system i n  which a 
s i n g l e   f i l e  can be spread  across  several   hosts  then  the  basic  f i le  operators 
m u s t  be re-implemented. An example of a u se fu l   f i l e   s t ruc tu re  of t h i s  s o r t  is 
a simple key f i l e .  Given a key, a read comnand r e tu rns   ( t he   s e t   o f )   r eco rd (  s )  
w i t h  tha t  key value. T h i s  could  easily be implemented as  a multi-segment 
dis t r ibuted  object   consis t ing of sub-objects  for  each  segment.  These would 
presumably  be d i r ec t   access   f i l e s .  The operators  for  reading and writ ing such 
a key f i l e  would have t o  manage the  problems  of  concurrent  access i f  they 
permitted  concurrent  use. 

A d is t r ibuted DBMS would s imilar ly  be constructed from a s e t  of objects ,  
each w i t h  i t s  associated  access  process  that  implements local   operat ions b u t  
that  understands its role   as   par t  of a col lect ion of s imilar   objects .  A 
dist r ibuted Codasyl s e t ,   f o r  example,  could be  implemented using  the  index 
records  described by Frank Germano, Jr., and representing  the  data  locally 
using  the  local Codasyl DBMS software. The logic   for  implementing d is t r ibu ted  
set   operat ions must  be writ ten by the  author  of  the  type  subsystem. The DDL 
for  such a system would have to   include  s ta tements   for   ass igning  records  to  
h o s t s   ( o r   t h e  schema processor  m u s t  be g i v e n   a s s i g n m e n t   h e u r i s t i c s ) .  
Presumably the schema processor would be able   to   construct   the   required  local  
schemata wi th  the added index records  for   dis t r ibuted  sets .  Thus  the  object 
types would be global schema, loca l  schema, and local  data  base segment. The 
d e t a i l s  of the  operators  are  too  lengthy  to examine here. 

4.2 The Creator 

The Creator is an in te rac t ive  u t i l i t y  for  adding  type objects  t o  the 
ADAPT system. The kernel  al lows  users  to  create  types and object  instances 
b u t  t h i s  requires a detailed  understanding of the   s t ruc ture  of type  objects, 
execution  descriptors, and the   s t ruc ture  of  code for  a type  subsystem. 
Furthermore, when an object is created  the  kernel  returns a capabi l i ty   for  i t  
and nothing  else. It is the   respons ib i l i ty  of the   user   to  remember what each 
capabi l i ty   re fe rs  t o .  T h i s  is n o t  terribly  convenient.  The Creator  understands 
the low leve l   s t ruc tures  and i s  designed  for  interactive  use i n  c rea t ing  new 
object  types. It prompts users  for  information, sets up kernel  data  structures 
and maintains a type  dictionary  that  keeps  track  of  the  external  character 
s t r ing  names for each object  type and operator. It will also  ass is t   users   to  
arrange  that   instances of objects  are  recorded i n  an instance  dict ionary 
(analog of a f i l e   d i r e c t o r y ) .  T h i s  can only  be done by including  appropriate 
logic  i n  the code that   creates   instances   for   the  type.  It will be s o  common, 
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however , t h a t  we c a n   e x p e c t   l i b r a r y   r o u t i n e s  t o  be a v a i l a b l e .  The  type 
d i c t i o n a r y   a n d   i n s t a n c e   d i c t i o n a r i e s  are objects a n d   c a n   u s e   t h e   k e r n e l  
m e c h a n i s m s   i n   t h e i r   i m p l e m e n t a t i o n .  

5.0 IMPLEMENTATION OF THE KERNEL 

T h e   k e r n e l  is implemented a s  a n   a p p l i c a t i o n   m o d u l e   s i n c e  it is a g u e s t  
system.  Depending  on t h e  u n d e r l y i n g   o p e r a t i n g   s y s t e m   p r i m i t i v e s  it may need 
some s p e c i a l   p r i v i l e g e s   n o t   a v a i l a b l e  t o  n o r m a l   a p p l i c a t i o n   p r o g r a m s :  fo r  
e x a m p l e ,  t o  be a b l e  t o  b l o c k   a n d   u n b l o c k  o t h e r  p r o c e s s e s .   T h e  f i r s t  
i m p l e m e n t a t i o n  i s  on a VAX/VMS - DECnet sys t em  and  i s  coded i n   p o r t a b l e  BLISS 
(Ref. 18). 

The k e r n e l  is r e s p o n s i b l e  for  m o v i n g   u s e r   f u n c t i o n   i n v o c a t i o n s  from t h e  
c a l l i n g   p r o c e s s  t o  t h e   p r o c e s s   t h a t  will e x e c u t e  it. T h e r e  are  s e v e r a l  
possible a l t e r n a t i v e s  w i t h  r e s p e c t  t o  t h a t   e x e c u t i o n   e n v i r o n m e n t .  It may be  a t  
t h e  same h o s t  a s  t h e  c a l l e r  or it may be remote; it may be a n   o n - g o i n g   p r o c e s s  
o r  it may r e q u i r e   a c t i v a t i o n .  It may n o t  be known t o  t h e  c a l l e r ' s  k e r n e l   a n d  
r e q u i r e  a search t h r o u g h  t h e  object  l o c a t i o n   m e c h a n i s m s .   I n   a d d i t i o n  t h e  
k e r n e l  checks t h e  r i g h t s  of t h e  c a l l e r  t o  e x e c u t e  t h e  i n v o k e d   o p e r a t i o n .  A l l  
of t h i s  is d o n e   t h r o u g h   d a t a   s t r u c t u r e s   m a i n t a i n e d   b y  the  k e r n e l .  

The k e r n e l   a t   e a c h  host  is i m p l e m e n t e d   a s  a s e t  of e i g h t   p r o c e s s e s  w i t h  
the  f o l l o w i n g   r o l e s  : 

o The E x e c u t o r  i s  t h e  "master" p r o c e s s  t h a t  c o n t r o l s  t h e  flow of 
i n v o c a t i o n   t h r o u g h  t h e  k e r n e l .  The Execu to r  does t h e  r i g h t s  
c h e c k i n g ,  searches t h e  object c o n t r o l  t a b l e  for  t h e  p r o p e r  
e x e c u t i o n   d e s c r i p t o r ,   d e t e r m i n e s  when a n   i n v o c a t i o n   m u s t  be 
p r o c e s s e d  on a remote n o d e ,   t r a n s m i t s  i t ,  and  hands it of f  
f i n a l l y  t o  t h e  E x e c u t i o n   M a n a g e r .   I n   d o i n g   a l l  of t h i s  t h e  
E x e c u t o r   c a l l s   o n  t he  s e r v i c e s  of t h e  other  modules  l i s ted  
below. 

o The I n v o c a t i o n   S e g m e n t   M a n a g e r   a c c e p t s   i n v o c a t i o n   d a t a  from a 
u s e r   p r o c e s s ,  se lects  a n   a v a i l a b l e   i n v o c a t i o n   s e g m e n t   o r  c rea tes  
a new one ,   packages  t he  data  i n  t h e  i - s e g   a n d   r e t u r n s  a 
c a p a b i l i t y  f o r  t h e  i - s e g  w i t h  t h e  ' w a i t ' ,  ' t e s t '  , 
' g e t - r e s p o n s e '  , a n d   ' a b o r t '   r i g h t s   o n   b u t  the ' c o m p l e t e '   r i g h t  
o f f .  

o The Object  M a n a g e r   m a i n t a i n s  the  t a b l e  of ob jec t  c o n t r o l  b l o c k s  
( t h e  object  c o n t r o l  t a b l e ) .  When t h e  E x e c u t o r   h a s   a n   i n v o c a t i o n  
packaged i n   a n   i - s e g  it n e x t   i s s u e s  a ' g e t - c o p y '   r e q u e s t  t o  t h e  
object manager  t o  o b t a i n   t h e   i n f o r m a t i o n   i n  the  ob jec t  c o n t r o l  
b lock ,  i .e. , t h e   r e f e r e n c e  t o  t h e   t y p e  ob jec t ,  the f u n c t i o n  
l ist ,  and the  p o i n t e r  t o  t h e  u n d e r l y i n g  object .  

o T h e   L o c a t i o n   M a n a g e r   r e t a i n s   i n f o r m a t i o n   c o n c e r n i n g   f u n c t i o n  
i n v o c a t i o n s   l o c a l l y   r e f e r e n c e d  t h a t  are b e i n g   p r o c e s s e d   o n  
a n o t h e r  h o s t .  T h i s  i s  n o t   s t r i c t l y   n e c e s s a r y   s i n c e  t h e  
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invocation  segment  could be loca ted   t h rough   t he   ob jec t   con t ro l  
t a b l e  b u t  t h i s  i s  an   obv ious   op t imiza t ion   (no t  v i s i b l e  o u t s i d e  
o f   t h e  k e r n e l )  . 

o The Namer creates new o b j e c t  names t h a t   a r e   g l o b a l l y   u n i q u e .  To 
do t h i s  it uses t h e   l o c a l   h o s t  i d .  a s  a p r e f i x  b u t  none   of   the  
o b j e c t   l o c a t i o n  mechanisms use t h i s   f o r   f i n d i n g  an o b j e c t .  (We 
may l a t e r   d i s c o v e r   t h a t   t r y i n g  f i r s t  a t   t h e   h o s t   i n d i c a t e d  b y  
these b i t s  is a powerful   opt imizat ion,  b u t  a g a i n   t h a t  would not  
be  known o u t s i d e   t h e   k e r n e l . )  

o The De tec t ive  i s  r e s p o n s i b l e   f o r   f i n d i n g   o b j e c t s   t h a t   a r e   n o t  
l o c a l  and t h a t   a r e   n o t  known t o   t h e   l o c a t i o n  manager. I t  
c o n t a i n s   t h e  d i s t r i b u t e d  t ab le   s ea rch   a lgo r i thm.  

o T h e   N e t w o r k   M a n a g e r   p r o v i d e s   t h e   m e c h a n i s m   f o r   i n t e r - h o s t  
communica t ions   be tween k e r n e l  modules .  It u n d e r s t a n d s  t h e  
t r a n s l a t i o n   f r o m   l o g i c a l   h o s t  name to   phys i ca l   mach ine   addres s .  

o T h e   E x e c u t i o n   M a n a g e r   c r e a t e s   a n d   i n t e r a c t s   w i t h   t y p e  
subsystem. It u n d e r s t a n d s   t h e   e x e c u t i o n   d e s c r i p t o r s ,   t h a t  is ,  
how t o  f i re  up processes  when necessary .  It then  queues 
invoca t ions  on t h e   e x e c u t i o n   d e s c r i p t o r   t h a t  i s  ind ica t ed .  T h i s  
may require   unblocking  an  execut ion  environment   that  is wai t ing  
on a ' g e t - n e x t - c a l l '  . When t h e   t y p e  s u b s y s t e m  issues a 
' g e t - n e x t - c a l l '  i t  r e c e i v e s  t h e  i n v o c a t i o n   f u n c t i o n   c o d e ,  
parameters,  and a c a p a b i l i t y   f o r   t h e   i n v o c a t i o n  segnent w i t h   t h e  
' comple t e '   r i gh t  on and a l l   o t h e r s   o f f .  The type  subsystem  also 
g a i n s   f u l l   a c c e s s   t o  the  unde r ly ing   ob jec t .  If it is  an ADAPT 
o b j e c t   t h i s  means a c a p a b i l i t y   w i t h   a l l   r i g h t s  t u r n e d  on. 

T h e s e   e i g h t   p r o c e s s e s   c o n s t i t u t e   t h e  current v e r s i o n   o f   t h e  k e r n e l .  They 
communicate  with  one  another  using t h e  mailbox  mechanisms  of VMS and t h e  
E x e c u t o r   o r c h e s t r a t e s   a l l   o f  t h e  a c t i v i t y .  The p r i n c i p a l   d a t a   s t r u c t u r e s   a r e  
t h e   o b j e c t   c o n t r o l   t a b l e ,   i n v o c a t i o n   q u e u e s ,  and va r ious  l ists  associated  with 
p rocesses   awa i t ing   comple t ion   no t i f i ca t ions .  

The o b j e c t   c o n t r o l   t a b l e  is a d i s t r i b u t e d  i n d e x  of known o b j e c t s .  Each 
e n t r y  i s  a n   o b j e c t   c o n t r o l   b l o c k   a s  shown i n   f i g u r e  1.  T h i s   b l o c k   p o i n t s   t o  
t h e  under ly ing   ob jec t  i n  one  of three ways: 

1. If t h e  o b j e c t  i s  l o c a l  and p r i m i t i v e  t h e n  t h e  p o i n t e r  i s  a name 
t h a t  can be used by the   type   subsys tem  to   ident i fy  t h e  VMS 
rep resen ta t ion   ( fo r   example  a f i l ename) .  

2. I f   t h e   o b j e c t  i s  remote and p r i m i t i v e  then  t h e  po in t e r  is a 
" l o c a t i o n   h i n t "   t h a t   i n d i c a t e s  where t h e   u n d e r l y i n g   o b j e c t  was 
when t h i s  e n t r y  was c rea t ed .   (See  more on t h i s  below.) 

3. I f   t h e   o b j e c t  i s  non-pr imi t ive   then   the   po in te r  i s  a c a p a b i l i t y  
f o r  t h e  underlying ACAPT o b j e c t .  
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T h e   " l o c a t i o n   h i n t "   i n  number 2 ,  above ,   need   no t  be correct. If t h e  
D e t e c t i v e  follows t h e  h i n t   b u t  does n o t   f i n d   t h e  ob jec t  a t  t h e  s u g g e s t e d   h o s t ,  
it will i n i t i t a t e  a f u l l   n e t w o r k  search. We h a v e   n o t   y e t   c h o s e n  a s p e c i f i c  
search a l g o r i t h m .   R a t h e r ,  we p l a n  t o  e x p e r i m e n t  w i t h  s e v e r a l .  It seems 
a p p r o p r i a t e  t o  l e a v e  t h i s  a l g o r i t h m  somewhat f l e x i b l e   s i n c e   t h e  best c h o i c e  
will d e p e n d   o n   n e t w o r k   s i z e   a n d   u s a g e   p a t t e r n s .   T h e   l a t t e r  a r e  n o t   l i k e l y  
p r e d i c t a b l e   b u l t  

The g o a l  of 
computer  ne twork  

o n e   c a n   s u r e l y   e x p l o i t   s i z e   i n f o r m a t i o n .  

6.0 - CONCLUSIONS 

ADAPT i s  to  s i m p l i f y  t h e  problem of w r i t i n g   a p p l i c a t i o n s   i n  a 
e n v i r o n m e n t .   S i n c e  t h e  s y s t e m  i s  j u s t  now b e i n g   b u i l t  we 

h a v e   n o   e x p e r i e n c e   y e t  t o  c o n f i r m  or d e n y   t h e   v a l u e  of t h e   k e r n e l   a n d   o t h e r  
t o o l s ;  we c a n   o n l y  s t a t e  t h e  ways i n   w h i c h  we hope  i t  will h e l p .   I n  t h e  
i n t r o d u c t i o n  we i d e n t i f i e d   s e v e r a l   p r o b l e m s   t h a t  face a programmer who must 
d e a l  w i t h  a ne twork  of o p e r a t i n g   s y s t e m s .  These were m a n a g i n g   p r o c e s s  
n e t w o r k s ,   d o i n g   n e t w o r k  I / O ,  l o c a t i o n   d e p e n d e n t  forms of p r o c e s s   i n t e r a c t i o n ,  
and error r e c o v e r y .  We d i s c u s s  each of t h e s e   p o i n t s   b r i e f l y .  

The a p p l i c a t i o n   p r o g r a m m e r  who u s e s   t y p e d  ob jec ts  does n o t   s t r u c t u r e  
p r o c e s s   n e t w o r k s ;  h i s  v i e w  of programming i s  v e r y  much more l i k e  t h e  
c o n v e n t i o n a l   v i e w   o f   t o d a y .  The programmer who c r e a t e s  a t y p e   m u s t  be aware 
of t h e  p r o c e s s   s t u c t u r e   s i n c e  he i s  r e s p o n s i b l e  f o r  c r e a t i n g  t h e  e x e c u t i o n  
d e s c r i p t o r s .   F u r t h e r ,  i f  t h e  t y p e  is i t s e l f  a d i s t r i b u t e d  ob jec t  t h e  
i n t e r a c t i o n   b e t w e e n   p r o c e s s e s   m a n a g i n g  t h e  d i f f e r e n t   s e g m e n t s  of t h e  object 
must  be programmed  by the creator  of t h i s  type .   Such  is t h e  case f o r  a 
d i s t r i b u t e d  DBMS, fo r  example .  When t h e  segmen t s  of a d i s t r i b u t e d  ob jec t  a r e  
t h e m s e l v e s  ADAPT o b j e c t s ,  even  t h i s  i n t e r a c t i o n  will be s i m p l i f i e d .   F i n a l l y ,  
we n o t e   t h a t   p r o g r a m e r s  who a r e   e n a m o r e d  of p r o c e s s   n e t w o r k s   c a n   e a s i l y  
c o n s t r u c t  them u s i n g  t h e  k e r n e l ;   s e r v e r s   c a n  be objects .  

Network 1/0 is  h i d d e n   c o m p l e t e l y   b y  t h e  k e r n e l .   T h e   k e r n e l   m a n a g e s   a l l  
t h e  i s s u e s  of v i r t u a l   c i r c u i t   e s t a b l i s h m e n t   a n d   o f   m e s s a g e   t r a n s f e r .  

Process i n t e r a c t i o n s  are n o t   l o c a t i o n   d e p e n d e n t .  If a programmer   uses  
t h e  k e r n e l   p r i m i t i v e s  he is t o t a l l y   u n a w a r e  of where a n   o b j e c t  is.  

We h a v e   n o t  s a i d  a n y t h i n g   a b o u t  error n o t i f i c a t i o n   a n d   r e c o v e r y .  T h i s  i s  
a d i f f i c u l t   t o p i c  and we c a n n o t  do j u s t i c e  t o  it here. B r i e f l y ,  we must 
d i s t i n g u i s h   f a i l u r e s   i n   t h e   e x e c u t i o n  of a n   o p e r a t i o n  from a f a i l u r e  of a n  
i n v o c a t i o n .  The former is r e p o r t e d   i n  much t h e  same way as  a s u c c e s s f u l  
e x e c u t i o n ,   p a s s i n g  error a n a l y s i s   i n f o r m a t i o n   b a c k   i n  t h e  i n v o c a t i o n   s e g m e n t .  
Whatever  is p rov ided  is t h e  r e s p o n s i b i l i t y  of the implementor  of t h e  t y p e  
s u b s y s t e m .   F a i l u r e s   i n   i n v o c a t i o n s   c a n   o c c u r   b e c a u s e  r i g h t s  a r e  n o t   p r e s e n t  
i n   t h e   c a p a b i l i t y ,  the object is unknown, the object  is i n a c c e s s i b l e ,  the 
object  i s  known t o  be damaged, o r  the  i n v o c a t i o n  takes too  l o n g .  We o b s e r v e  
t h a t  none of t h e s e   n e e d  t o  i n t r o d u c e   l o c a t i o n   d e p e n d e n c i e s  - we can  t r ea t  the 
errors u n i f o r m l y .  T h i s  is i m p o r t a n t  t o  k e e p i n g  t h e  programmer ' s  model s i m p l e .  

The ADAPT k e r n e l  does n o t   s p e c i f i c a l l y  address  CAD i s s u e s .   R a t h e r ,  i t  is 
a base   on   which  a w h o l e   d i s t r i b u t e d  CAD e n v i r o n m e n t   c a n  be b u i l t ,   p r o v i d i n g  
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f o r   p r o j e c t  management and  interpersonal  communication as well as f o r  CAD 
s p e c i f i c   t o o l s .  It is certain, however, t h a t   n e i t h e r  ADAPT nor  IPAD r e p r e s e n t s  
a f i n a l   s o l u t i o n ;   t h e y   a r e   e f f o r t s   t o   g l u e   t o g e t h e r   d i s p a r a t e   p i e c e s .  Today 
t h i s  is t h e   o n l y   r e a s o n a b l e   a p p r o a c h ;   t h e   f u t u r e   p r o m i s e s   t o  be much more 
e x c i t i n g - i f  w e  can   surv ive   in  the in te r im!  
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Object  Control  Block 

type-object  

o b j e c t  

I t y p e   o b j e c t  

LF f u n c t i o n - l i s t .  

rights- 
requirements 

Execution 
Descr ip tor  

+R €-name 2 

-1 

image o f  

e x e c u t e s   t h e  
I f i l  

Figure 1.- Object control  blocks and underlying type data structures. 
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C a l l i n g  Process 
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i n v o c a t i o n   s e g m e n t  

c a p a b i l i t y  for 
operand:  0 

f u n c t i o n   n a m e :  f 
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u n d e r l y i n g   o b j e c t + - -  - ( S u p p l i  

p a r a m e t e r s :  p 

I 

I 

e l  1 ed  by   kern 

E x e c u t i o n  
D e s c r i p t o r  

i n v o c a t i o n  
queue 

) n e x t -  
I c a l l )  

t y p e   s u b s y s t e m  
p r o c e s s  

Figure 2 . -  Operator invocation. 
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procedure  main (1  

g e t - n e x t - c a l l  ( e  .d .) 

( p a r s e   i n v o c a t i o n  -- 6 C a l l  f i )  
f o r  f-name 

procedure  type-x ( )  

e n t r y  f l :  - 

~ ~~ ~ 

- - - return 

e n t r y  f 2 :  - 
- - return 
- 

e n t r y   f n :  - - - - return 

Figure 3 . -  A type  subsystem  implemented as one  process.  
1 

prooedure  main ( )  . 
I 

~ "_ 
c invoke ( f ,o, p) ; 

r I 
I 

I -  
I 
I 
I 

p r o c e d u r e   g e t - r e s p o n s e   ( i - s e g )  

\ 

procedure   abort  ( i-seg) I 

I 
I 
I ** procedure   invoke   (x ,y , z )  

( c o d e   f o r   i p c  
w i t h   k e r n e l )  

I 
1 

Host Operating  System ipc 

Figure 4.- Invoke l i b r a r y   f u n c t i o n  €or communication wi th   kerne l .  
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ABSTRACT 

Guide  Division wil l  discuss its successful  use of automotive body surface 
design  data  that  has  been  originally  created  elsewhere  in  GM's two large computer 
graphics  systems of CADANCE and  Fisher  Graphics. A s  a supplier of exterior 
lighting  components,  radiator grilles, energy-absorbing  soft-faced  bumper  systems, 
and  other  associated  items,  Guide  has  become  most  dependent  on  the  corporate  com- 
puter  graphics  systems  to  supply  accurate  car body styling  and  sheet  metal  surfacing 
information  for  the  design of their  products.  The  presentation  includes  the  origin 
and  transfer of design  data to a remote   user  site; its use  in  the  design of their   pro-  
ducts;  and  the  ultimate  production of detailed  drawings, N/C  punched tapes,  and 
subsequent  downstream  transfers of detailed part data to a turnkey  system for tool 
design  purposes. 

COMPUTER GRAPHICS PRESENTATION 
FOR 9/18/80 IPAD  NATIONAL  SYMPOSIUM 

This presentation  will  consist of three basic sections: 

1) a description of  Guide  Division's  function  within  the  General  Motors 
Corporation, 

2) a n  explanation of some of the  problems  that  have  led us  to  the  incorpo- 
ration  of  computer  graphics,  and 

3) how Guide utilizes  graphics  design  data  that  has  been  created else- 
where  in GM's two large computer  graphics  systems. 
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Guide Division of General  Motors  Corporation,  headquartered  in  Anderson, 
Indiana, is the  world's  largest  producer of automotive  lighting  equipment  and a leading 
molder of plastic  parts  for  motor  vehicles. We normally  employ  approximately 6,500 
persons at our  home  plants  in  Anderson  and 1,000 more at our  relatively new manufac- 
turing  facility  in  Monroe,  Louisiana.  These  plants  total  over 324,000 m2 (80 acres) of 
working  floor  space in producing a myriad of automotive  and  truck  exterior  lighting 
devices. Guide manufactures a mix of a half-million  product  units  per day  in consum- 
ing 34 metric  tons (75 million  pounds) of over 100 different  plastic  'formulations in a 
year's  time. 

Although automotive  lighting is a large  portion of our  product line, Guide also 
produces  numerous energy absarbing  soft-faced  bumper  systems, rear view mirrors ,  
lighted vanity mirrors,  chrome plated  plastic grilles and other plated, as well a s  un- 
plated  special  function  plastic parts; Sealed Beam Headlamp  Units  for both domestic 
and foreign  customers;  plus  automatic  lighting  controls  such as  the Twilight Sentinel 
and Guide-Matic,  and  many other  items. 

Whereas  most of our  products do affect the  cosmetic  appearance of a vehicle, 
as well  as serving  functional  purposes,  they are  generally  directly  affected by Federal 
Motor  Vehicle  Standards  with many  being  integrated as a part of the  basic  vehicle 
structure  such as a soft-faced  bumper  system. 

These  cosmetic  features  are  among  the  final  items  for  each body style to  be 
released  from GM's Styling  Studios  and  due  to the  number of new design  items involved 
each year, it is understandable  that  design  lead  times are often  very crucial. Even  on 
a so-called "carryover car" which might  be  scheduled  for little yearly  overall  appear- 
ance change, it is these  particular  products  that  normally  undergo  revision  to  permit 
at least some  annual new car distinction.  Therefore, it has not  been  unusual for 
Guide's  entire  product  line to be  revised by a s  much a s  80% for a  single  model  year. 

Timely  engineering  agreement on the styling and  physical  aspects of each new 
product with GM's Design Staff (which performs  the  Corporation's vehicle styling  func- 
tion),  Fisher Body Division  (which  furnishes  the  majority of the body sheet  metal),  and 
the  respective car and  truck  divisions, is therefore  quite  important  to  enable  meeting 
scheduled  product  design  release  dates, followed  by eventual  prototype,  production 
tooling,  and  product  delivery  timetables. 

With the  advent of the new downsized vehicle  concepts,  the available real estate 
for  the  required  lighting  functions on the  car body surface  has  diminished  considsrably. 

The  former  styling  luxuries and simplified  tooling  facilities  offered by sepa- 
rated  lighting  functions  such a s  individual  backup, sidemarker, and rear lamps are 
now quite  often v e r y  difficult  to  achieve. 
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With the  decrease  in  available body surface area, the  vehicle  stylist is being 
forced  into  many  more  single  integrated  multi-function  lighting  designs.  The  com- 
plications  involved  in  the  designing  and  tooling of these  concepts  most  often  result  in 
increased  design  evaluation  time  along  with  creating  nightmares for the  toolmaker 
in  the  form of numerous  slides,  lifts, compound die  parting  angles,  and  other  tooling 
complexities.  Some  designs  require new and  quite  exotic  fabrication  and body mount- 
ing  concepts as well.  All of this  must  be  accomplished  with  lighter  materials to 
realize  minimum  vehicle  weight  goals  and  with legal and  structural  standards kept  in 
mind. 

Guide  utilizes as many as 120 different  outside  tool  sources  in  the  course of 
a model year to produce  the  tooling  for  our  various  product  components. With tooling 
requirements  becoming  more  complex,  these  sources are requesting  more  lead  time 
f o r  tool  completion,  which is in  direct  contrast to our  customer's  continual  request 
for  compression of design  and  tooling  lead  times. 

Therefore,  Guide has  turned  to  computer  graphics  in  an  attempt  to  realize 
lead  time  savings  in  the areas of design  and  tooling. 
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Our  investigation  into  the capabilities of  the  various  available  graphics 
systems  began  in  the  spring of 1977. As  the  normal   design  progression  of   our  
products is generally  quite  dependent  on  original  input from Design Staff's styling 
concepts  plus associated sheet  metal  body  surfacing  and  mounting  requirements 
from F i she r  Body and  the  respective car divisions,   the GM CADANCE System 
(Computer  Aided  Design And Numerical  Control  Effort)   was  ult imately  chosen  over 
GM's other iargeYomputFr   graphics   system - cgi led  Fisher   Graphics  - and  various 
turnkey  systems as that  which best met   our   requirements   and  offered  somewhat  
ready-made  data  communication  links to our  necessary  engineering  design  contacts.  

DESIGN STAFF-) 

STUDIES CAR DIVISION - DESIGN FISHER BODY - MANUAL 

DESIGN STAFF 
FISHER CAR  DIVISION^'^ BODY 

* 

RELEASED 

PROGRESSION 
(MANUAL) 

A 
DIE TOOL 

MODELS DWGS. 

DWGS.---" 
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GM's CADANCE System is based at GM's Research  Laboratories at the ' 

General  Motors  Technical  Center  in  Warren,  Michigan,  which is located 19 km 
(12 miles)  north of downtown Detroit. It is hosted on two IBM 3033 computers 
and interfaces with the  various  corporate  divisions  and staffs by either  coaxial 
cable  or  telephone,  depending on their  respective  proximities to the GM Research 
Labs.  Over 100 graphics  terminals are currently  supported on the  system.  The 
largest  user  in  the  system is Design Staff which currently is operating  over 
40 graphics  design  terminals of a mix of DEC, IBM, and ADAGE devices. 

I CADANCE I 
SYSTEM 

CHEVROLET DESIGN 
PONT I AC RESEARCH 

OLDSMOBILE ENGRG. 
W I C K  MFG. DEV. 

I 

4 COMPONENT 
DIVISIONS 

GUIDE 
INLAND 

FISHER 

I FISHER. I 
IGRAPHICSI 
7" 

CADILLAC 
I." 

TRUCK/COACH 
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Operational  interfaces  between  the CADANCE system  and a number of 
commercial turnkey  systems  have  been  accomplished -for sometime as well as with 
the  Fisher   Graphics   System.  Fisher   Graphics  is hosted  on IBM 370's at F i she r  
Body Engineering,  which is also located in  Warren,  Michigan  adjacent to the  GM 
Tech  Center  Complex,  At  present  this  system supports an  additional 120 graphics  
terminals.  

CAOANCE FISHER 
GRAPHICS 

e a  n u  
TURNKEY TURNKEY 
SYSTEMS SYSTEMS 

GM is now developing a common  graphics  system  which is a m e r g e r  of 
CADANCE and  Fisher  Graphics  with  expected  completion  in  about two years.  
This  single  graphics  system  will   then  replace  the two existing  ones. 

COMMON 

SYSTEM " GRAPHICS = GRAPHICS 
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GM RESEARCH 
LABS 

HOST 
1 COMPUTER I 

REMOTE GRAPHICS 
TERMINAL 

DATA 

TO SITE. 

STAT ION 

Required CADANCE produced  data  may  be  teleprocessed  from  the GM 
Research  host  computer  to  Guide o r  any  comparably  equipped  outlying  division 
vias 4800 baud  phone line  to a mini-computer in  what GM labels as a "Network 
Station". 
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DRAWING MACHINE 
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* LET WORK 
MAGNETIC 
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GRAPHICS 
PRINTOUTS ENGRG.  PROGRAMMING 

W T O  TURNKEY) 
TAPE 

Various  on-site  peripherals are connected  to  this  Network  Station  which  can 
perform a variety of functions  and  most of them  simultaneously  without  interruption 
to  other  Network  Station  user  activities.  This  includes  normal  drawing  production, 
digitizing,  magnetic  tape 1/0 for  data  exchange to various  turnkey  systems, floppy 
disc I/O, N/C tape punch and  reader,  local  programming  and  line  printer service, 
as wel l  as N/C cutter  tape  development  utilizing GIG developed N/C programming 
on  local  graphics. 



Guide's formal  entry  into  computer  graphics began by  sending two selected 
designers to Manufacturing  Development  Staff at the GM Technical Center  in  November 
of 1977 to begin  formal  training  and  both  remained  until  the  following  September of 
1978 to evaluate  Guide's  design  applications  using  the CADANCE system.  During  their 
stay  they  contributed to a dozen  of ou r  more complicated  product  design  projects for 
the 1980  model year and  supplied  N/C  die  models  for  four  major  lamp  components 
utilizing  Manufacturing  Development  Staff's CNC milling  machine. 

In  addition,  the expertise obtained  from  their  on-the-job activities at the  Tech 
Center w a s  invaluable  in  realizing a very  smooth  on-site  startup  with  our own hardware 
the  following  December.  This  preliminary  production  atmosphere  permitted  the estab- 
lishment of normal  operating  procedures,  familiarity  in  the  operation of the  various 
.iecessary  peripherals,  and a core of reliable  support  personnel  before  the  subsequent 
3uide facility was readied. 

Four   more Guide designers  were  sent to the  Tech  Center for six weeks for 
o r m a l  CADANCE operator  training  in  November of 1978. The  timely  completion of 
heir  'User" training  was  also  dove-tailed  with  the  receipt of our  initial two computer 
rraphics  design  consoles  and  accompanying  Network  Station,  drawing  machine,  and 
Ither  peripherals.  This  planning  and  the  effectiveness of our  subsequent  hardware 
:tartup  enabled  our new computer  graphics facility to  make  an  immediate  contribution 
3 our  1981  Product  Design  Program. Two more  design  consoles  were  added  in  October 
f 1979, #5 and #6 in  June of 1980,  and  #7  and #8 are scheduled for an  October 1980 
elivery. W e  now train  our  own console  operators,  which  currently  number  about 20. 

When work  loads  demand,  these  qualified  users  operate  on a two eight-hour 
hift  arrangement  which  enables  our six design  consoles  to  be  in  constant  use for 16 
3urs/day,  This  schedule  permits  increased  productivity  without  the  expense of over-  
me  while  reducing  costs  per  console  hour of use. 

The  design  progression of a typical  Guide  product  begins  identically  whether 
is to  be  completed  in  computer  graphics o r  by  conventional  manual  methods.  A 

%ign  study is manually  created  from  preliminary  drawing  information  received  from 
re appropriate  combination of Design  Staff,  Fisher Body, or   the  respect ive  car   divi-  
.on. This  design  study  drawing,  along  with  ultimate  design  agreement  and  cost  accep- 
.nce  from  the  customer, is a prerequisite to eventual  hardline  mylar o r  graphics  data 
:leases from  the  required  sources.  The  finalization of these  studies  often  requires 
eeks of constant  negotiation  by our  contact  engineers  with  the  corporate  activities 

Upon finalization of the  design  study  and  receipt of the  required  styling  and 
the Guide  designer  can  immediately  begin  the  production  design of the 

t ime is saved at this point over  manual  methods as graphics 
of the  tedious  chore of tracing  the  required  lines  from  the  various 

onto a single  Guide  drawing before the  actual  design  can  proceed. 
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Upon completion of the  design  data  for  the  Guide  layout o r  final  assembly,  the 
detail of a component part can  then  be  created  in a short time  by  making a data  copy of 
the  entire  original  layout  and  deleting all information  in  that  data  copy  except  that 
which is required to describe  the  selected part. This  procedure is then  repeated  for 
each  individual  component  in  the  assembly. 

Drawings of both  the  layout  and  subsequent  details  that are produced  by  this 
method are normally at least 75% complete  and are then  sent  back  to  the  drafting  room 
to be  manually  completed.  The  manual  tasks  remaining are generally  elementary  and 
are primarily  those  pertaining to labels,  notes,  dimensioning, etc. 

While these  tasks  are also possible to complete  in  the CADANCE system,  our 
current  graphics  design  work  load  has  yet to permit  the extra terminal  t ime to more 
thoroughly  complete  the  output  drawing. 

However,  the  current  procedure  has  resulted  in  an average of 4-6 weeks  
savings i n  design  time  per  project  with  up  to  ten  weeks  savings  on  our  more  compli- 
cated projects. Although our  on-site  graphics  facility  has  only  been  active  since 
January 1979, it wi l l  have  aided  in  some  manner  in  the  design  progression of over  a 
third of ou r  total 1981 model year projects  and  over  half of ou r  1982 projects. 

DESIGN STAFF-~MANUALI 
FISHER BODY 
CAR 

r--- --- 1 
DESIGN STAFF--------   COMPUTER^ 
FISHER BODY --- DATA-+ DESIGNED I 
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The  design of products is only a single  utilization of our  present  computer 
graphics  installation.  Four  different  Product  Engineering areas are also  using  the 
mini-computer of our  Network  Station  in  running  present  non-graphics  computer  pro- 
grams,  re-writ ing,   or  writ ing new oneso 

These consist of various  forward  planning,  optical  lens  approval,  material 
analysis,  and electronic performance  programs  that  were  formerly  run.by  our  divi- 
sion's  data  processing  facility.  These  activities are proceeding  simultaneously  with 
the  required  daily  data  transmission  and  drawing  output  design  functions of ou r  Net- 
work  Station  mini-computer. 

Our  Materials  Engineering  Department is also using  finite  element  modeling 
features  that are available  within  the CADANCE system  in  performing  structural  beam 
analysis for ou r  Guide-flex  soft-faced  bumper  systems.  These  analyses  have  resulted 
in  considerable  cost  and  time  savings  in  the  prototype  phase of evaluating  the effects 
of simulated  impacts on each new bumper  system. 

In addition,  Guide's  Tool  Engineering  Department  acquired a 4-console  turn- 
key computer  graphics  system  in  the fall of 1979. This  system is being  utilized for 
mold  design  purposes  and  interfaces by mag  tape  with  Product  Engineering's  Network 
Station  to  further  utilize  the part description  data  that  has  been  originally  developed  in 
the CADANCE system, 

The  pronounced  benefits of N/C related  spinoffs  from  computer  graphics 
developed  data  that are being  enjoyed by our  car  divisions  and  Fisher Body in the  de- 
sign of car body sheet  metal  surfaces are not readily  available  to Guide at this  time 
due to the  intricate  surface  detail of most of our  body  mounted  products.  Although 
we are dedicated  to  develop  our N/C  capability to a production  status,  the  normal  sur- 
face complexity  of  the  majority of our  products  has  to  date  resulted  in  minimal  cost/ 
time  savings  and  made  project feasibility quite  selective.  Therefore, N/C is expected 
to  remain  in  experimental  category  for yet sometime. 

The  utilization of computer  graphics  and  computers for Engineering is just 
beginning for  Guide. However, w e  are quite  confident  that  the  computer wil l  play an  
ever-increasing  role  in  the  future of our  engineering  communications,  our  design  pro- 
gression and  procedures,  and  in  the  ultimate  tooling  and  manufacture of our  products. 
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SUMMARY 

The development  of  the  Manufacturing  Cost/Design  System  (MC/DS)  will 
provide  the  aerospace  design  engineer  a  tool  with  which  to  perform  heretofore 
impractical  design-manufacturing  cost  tradeoffs. The Air Force Integrated 
Computer-Aided  Manufacturing (ICAM) Office  has  initiated  the  development  and 
demonstration of an MC/DS which,  when  fully  implemented,  will  integrate  both 
design  and  manufacturing  data  bases  to  provide  real-time  visibility  into  the 
manufacturing  costs  associated with  various  design  options. The first 
release  of  a  computerized  system  will  be  made  before  the  end  of 1981. 

BACKGROUND 

In recent  years  the  cost of manufacturing  has  continued  to  escalate in 
all  industries. The aerospace  industry  has  been  no  exception.  This  fact 
coupled  with  a  shrinking  defense  budget  has  made  cost  reduction  and  automa- 
tion  to  reduce  cost  a  high  priority  activity. In order to achieve  maximum 
return on investment  the  Air  Force  Materials  Laboratory  has  embarked on a 
coordinated  Integrated  Computer-Aided'  Manufacturing  (ICAM)  Program  to 
achieve  increased  productivity  and  thereby  reduce  production  cost.  The 
Manufacturing  Cost/Design  Guide  initiated in 1975 by the  Air Force  provides 
the  basic  techniques  and  formats  to  allow  the  design  engineer  to  perform 
trade  studies  during  the  early  phases of a  program's  design  activity  and 
thereby  establish an optimum  design  considering  the  cost  to  manufacture  as  a 
key  element  in  the  decision  making  process. 

Figure 1 shows  how  important  it  is  to  conduct  these  trade-offs  early in 
the  design  process,  as  it is this  point in the  development of a program  when 
wost  of  the  costs  are  locked in, not only  for  production  but  development  and 
operations and support  as  well. It is  early in the  program's  life  cycle  that 
the  economic  leverage to  reduce  cost  is  the  greatest. 
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Before  proceeding  too  far  into  a  discussion of the  Manufacturing  Cost/ 
Design  Guide (MC/DG) Computerization  program, let's take  a few mfnutes to 
review  the  ICAM  program  and  where  the  MC/DG  and  this  computerization  program 
fit. 

Figure 2 shows  the ''basic ICAM roadmap". Some  revisions  are  currently 
being  made to  incorporate  composite  programs  earlier in the  schedule butthe 
wedges  shown  are  essentially  those  currently  being  pursued  by  the  Air  Force. 
The "Design  Interaction"  bar,  shown in the  first  wedge, is where  the MC/DG 
program  is  located.  ICAM  is  a  major  effort  in  the  Manufacturing  Technology 
Division of the  Wright  Aeronautical  Laboratories,  covering  all  aspects of 
manufacturing  including  the  development of Manufacturing  Architectures, 
automated planning,  simulation,  language  development,  fabrication,  automated 
cell/center  and  factory  design,  assembly  and  manufacturing  interaction  with 
the  design  area,  etc.  Current  funding  levels  are in excess  of 100 million 
dollars with  participation  of  many  industrial  firms  and  universities  around 
the  country. 

Figure 3 is a  matrix  showing  many of the  organizations  currently  in- 
volved in the Air Force ICAM  program.  With  growing  competition  around  the 
world  and the need for increased  productivity,  Integrated  Computer-Aided 
Manufacturing  is an important  area  for  the  future  of  the  aerospace  industry. 

With  that  very  brief  description of the  overall  program  and  its 
language,  let us now  look at the  area  of  Manufacturing/Design  interaction  and 
more specifically  at the  Manufacturing  Cost/Design  Guide  Computerization  pro- 
gram. To  begin  with,  the  development  and  formatting  of  the  basic  costing  and 
design  data is not part  of  this  particular  program  but is the  subject of a 
separate  program  headed  by  the  Battelle  Laboratories  under  contract to the 
same  ICAM  Program  Office  in  the  Air  Force  Manufacturing  Technology  Division. 
Therefore  this  paper will not  specifically  address  that  area  but will outline 
the  computerization of  the  outputs  of  that  program  and  the  interaction  of  the 
computerized  MCYDG  with  other  ICAM  manufacturing  systems. 

INTRODUCTION 

Today's  design  engineer  does  not  have  tools  that  will  provide  him  with 
quick  visibility  of  manufacturing  costs  associated  with  his  various  design 
approach  options.  Too  often  the  design  engineer,  under  the  pressure  of 
program  schedules, is  forced  to  select  a  design  option  and  release  layout 
drawings  without  having  the  opportunity  to  properly  evaluate  the  impact  of 
his  decisions  on  the  manufacturing  cost of that  design. 

In 1975, the  Air Force initiated  development of a  Manufacturing  Cost/ 
Design  Guide,  a  tool  to  provide  the  design  engineer  with  assistance  in  per- 
forming  design  trade-offs  with  respect  to  manufacturing  cost. The guide was 
developed  by a  coalition  team  of  aerospace  companies  headed  by  the  Battelle 
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Laboratories of Columbus,  Ohio.  However,  its  usefulness  was  limited  by  the 
data  available  and  the  manual  effort  required  to  use  it. To remove  these 
limitations and enhance  its  utilization,  the  development of an automated 
system  for  the  MC/DG  was  begun. A coalition  team  headed  by  Grumman  Aerospace 
Corporation  was  selected  for  the  MC/DG  Computerization  program. In order  to 
accomplish  this  task,  the  MC/DS  coalition  team  will  specifically  make  use of 
data  and  methodologies  developed  under  the  following  ICAM  Projects: 

o Project 511, Manufacturing  Cost/Design  Guide,  will  provide  both 
demonstration  data  and  baseline  requirements  for  the  computeriza- 
tion  of  the  MC/DS. 

o Project 112, ICAM  Architecture,  will  provide  the  current  Architec- 
ture of Manufacturing as well  as  a standardized  and  approved  ICAM 
Definition  Language (IDEF)  to permit  the  construction  and  analysis 
of MC/DS  models  which  are  such an important  part  of  the  ICAM  soft- 
ware  system  life  cycle  development  strategy. 

o Project 522, Group  Technology  Characterization  Code (GTCC),  will 
provide  the  methodology  for  sheet  metal  classification  required 
for  the  unique  identification  of  manufactured  items  and  the  re- 
trieval  of  information  relative  to  these  items. 

The MC/DS  coalition  includes  the  responsible  leaders  of  these  ICAM 
Projects and their  involvement  is  structured  to  optimize  the  transfer  of  data 
and  methodologies. 

PROGRAM  OBJECTIVE 

The  MC/DG  Model  was  created  by  the  Air  Force/Industry  Coalition  with  the 
following  mission  requirements: 

o Provide  structural  designers  with a tool to  quickly  and  simply 
obtain  relative  and  quantitative  cost  comparisons  of  manufacturing 
processes 

o Increase  the  emphasis on cost  as  a  vital  design  parameter  for  use 
at  all  phases of the  design  process  by  emphasizing  a  design 
orientation  of  data  presentation 

o Enable  more  extensive  structural performance/manufacturing cost 
trade-offs  to be conducted  by  designers on airframe  components  and 
subassemblies 
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o Emphasize  potential  cost  advantages of emerging  materials  and 
manufacturing  methods,  thereby  accelerating  the  transfer of these 
technologies  to  production  hardware 

o Put the  designer on the  lowest  cost  track  early in the  design 
phase. 

The primary  thrust  throughout  these  requirements  is  the  consideration 
of  manufacturing  cost  during  the  creative  design  process.  This  is  different 
from  the  concept of estimating  the  cost  to  manufacture  after  a  design  has 
been  completed.  MC/DG  is  not  a  tool  for  the  cost  estimator;  it is not  a  Cost- 
Estimating  Manual (CEM). A CEM will  not  illustrate  or  emphasize  cost-drivers 
since no design  trade-offs  are  conducted  using  a  CEM.  Performance/  cost 
trade-offs  must  be  done  by  the  design  engineer  since  the  integrity  of  a 
performance  compromise  can  only  be  evaluated  by  the  engineer.  The  format  of 
a CEM  is not suited  for  use  by design  engineers, and  results in time- 
consuming  calculations  which  create  conflicts  with  design  schedules. 

The MC/DG  Model  has  been  created  and  the  Air  Force  has  undertaken  the 
task  of  providing a data  base  which  will  eventually  include  all  parts  that 
comprise  the  airframe  as  well  as  all  manufacturing  processes.  It  is  obvious 
that  the  sheer  volume  of  information  required  will  become  self-defeating  from 
a  variety  of  standpoints.  Thus  the  need  for  the  development of a 
computerized  MC/DG  is  apparent.  The  concept  for  developing  a  computerized 
MC/DG  has  been  evolving  during  current  and  previous  MC/DG  contracts  and  a 
concept  validation  study  has  recently  been  completed in which  a  prototype 
implementation  was  undertaken. An MC/DG  systems  analysis was not performed  as 
part  of  the  prototype  development;  rather,  a  series of assumptions  were  made 
based  upon a limited  survey  of  user  requirements.  This  is  in  contrast  to  the 
ICAM approach  of  using IDEF methodology to obtain  a  total  system  model  prior 
to  the  identification  of  a  system  mechanism or user,  with  subsequent  analysis 
on the  user  level. A complete  model  analysis  will  show  more  readily  how  a 
computerized  MC/DG  might  be  constructed  for  the  aerospace  industry  from 
presently  available  computer  software  components,  and  integrated  into 
company  CAD/CAM  systems.  Any  long  range  plan  for a  full-scale  computerized 
MC/DG  system  must  allow  for  this  type  of  integration  within  each  aerospace 
company's  facility  in  order  to  permit  the  future  growth  of  the  MC/DG  data 
resource  through  access  to  other  CAD/CAM  data  bases. 

The  prototype  computerization  has shown, without  qualification,  that a 
computer  is  required in order  to  avoid  a  variety  of  practical  problems 
inherent  in  a  hardcopy MC/DG. Some of the  more  obvious  benefits  of  this 
effort  are: 

o Computerized  data-base  updates  are  more  practical  than  the 
publication  of  updated  hardcopy  guides.  This  improves  the 
accuracy  and  therefore  the  believability  of  the  system. 
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o Designer productivity is  increased because he will have more rapid 
access to required  data using representations friendly to his 
requirements. 

o An additional benefit will be the ability to interface with other 
CAD tools and data used to support the designer’s tasks. It is 
therefore  required that cost-estimating information be inter- 
actively available while the designer is using his CAD system 
rather than having to manually refer to handbooks after a design is 
completed. 

DEVELOPMENT PLAN 

The ICAM software system life cycle development strategy represents a 
four-stage  process in which each stage is further  divided into two steps. 
Phase I of the MC/DG computerization corresponds  to the first of these life 
cycle stages, with the additional requirement for an evaluation of existing 
software  and for a  conceptual design. Phase I1 of the  MC/DG computerization 
encompasses  the  remaining three stages of software system  life cycle develop- 
ment. Figure 4 shows the ICAM software system life cycle and compares it 
with the  MC/DG computerization plan. 

Phase I  is  the  MC/DG Systems Analysis  and  Conceptual Design Development. 
It will define the MC/DG environment  and determine the requirements for and 
specify  a  conceptual design of the computerized  MC/DG system and  interfaces. 
Phase I will result in an MC/DG System Model and  a conceptual design for the 
computerized  MC/DG. The system model not only provides a basis for the 
creation of the conceptual design but it also provides a view of MC/DG 
relative to a total ICAM architecture. The IDEF methodologies will be used 
to develop  models  of the MC/DG and the design engineer which satisfy system 
requirements  established from surveys and previous MC/DG studies. These 
models are independent of any implementation solution and will also serve as 
the  basis for understanding all of the MC/DG  interfaces with other ICAM sub- 
systems. Several implementation strategies will be developed  as conceptual 
designs  or  system solutions for computerization and be evaluated for potential 
implementation. These system solutions will include consideration of 
existing  public domain software to meet  the  MC/DG  needs. The development of 
the  computerized MC/DG is part of  an overall ICAM development activity, and 
lines of communications will be established to assure integration of the 
MC/DG  into  the ICAM architecture. The Phase I activity will conclude with 
the presentation of alternative conceptual designs which best meet the 
requirements  defined  during  this  phase. 
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Upon the  completion of Phase I, the  Air Force may  exercise an option to 
proceed with  Phase I1 which  is  the  Conceptual Design Implementation of the 
computerized  MC/DG. This  will  require  the  MC/DS  coalition  to  establish  the 
preliminary  and  detailed  designs,  develop  software,  and  test,  implement  and 
demonstrate  the  computerized  MC/DS in the  aerospace  design/manufacturing 
environment on two  host  computers (IBM and CDC). It is  important  to  em- 
phasize  at  this  point  that  the  intent of the  host  computer  demonstrations is 
a  demonstration  of  the  MC/DG  as  a  corporate  tool in the  engineering  environ- 
ment  and  not  only  a  validation  of  computer  code on the  mainframe  products  of 
two  different  computer  manufacturers.  This  represents  a  far  greater 
challenge  than  the  creation  and  checkout of computer  code  and  is  the  reason 
that  the  team  includes  five  airframe  manufacturers. We, the  end users, have a 
very  special  interest  in  the  success of this  program  since  it  represents  a 
technology  advance in the  design  process. 

SYSTEM  USAGE 

In order  to  describe  the  program  and  how  it  fits  into  the  overall  scheme 
of  Integrated  Computer  Aided  Manufacturing in the  short  space  allotted, 
Figure 5 was  prepared  as  a  summary. The lower  portion  of  this figure  depicts 
the  MC/DG  spanning  both  the  Design and Manufacturing  Architectures. 

An  example  of  the  Manufacturing  Architecture  is  shown  in  the  Figure 6 
node  diagram "ICAEI Composite  View  of  Aerospace  Manufacturing". The triangle 
that  depicts  the  Manufacturing  Cost/Design  Guide  overlaps  both  Architectures 
demonstrating  that  the  Guide  plays  a  definite  role in both  Manufacturing and 
Design. The computerized  Guide  will  allow  the  design  engineer  access  to 
manufacturing  information  relative  to  production  cost  for  performing  trade 
studies.  Once  integrated  with  other  manufacturing  systems,  such  data  as 
material  and  machine  availability, etc., will  provide  the  design  engineer 
with  the  information  required  to  make  the  optimum  design  decision  earlier, 
thereby  reducing  the  need  for  changes.  The  upper  portion of Figure 5 very 
simply  shows  some of the  events  that  will  take  place in developing  the  part 
cost  and  performing  the  computerized  trade-offs. The MC/DG System will 
eventually be provided  with  the  part  shape  (geometry)  and  description  from a 
Computer-Aided  Design  system.  This  description  will  be  provided  via  the  ICAM 
Group  Technology  Characterization  Coding  (GTCC)  system  which  will  fully 
describe  the  part.  Utilizing  the  data  developed  as  part  of  the  MC/DG  or 
company  data  development  activities,  the  computerized  MC/DS  will  display an 
output  format  for  the  design  engineer.  Depending on the  independent  variable 
(in  this case  part  length)  the  lowest  cost  to  produce  will  be  calculated  and 
noted.  As  stated  previously  this  is  a  very  simple  example  of  one  of  the 
possible  outputs  and how the  system  will  use  other  ICAM  subsystems  to  develop 
a required  output. 
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Figure 7 is  a  node  diagram  showing at a  very  high  level  the ICAM sub- 
system  interfaces with  the MC/DG  program.  As  can be seen, the  MC/DG  will 
interface in many  of  the  major  ICAM  program  areas,  having  a  major  impact in 
the  Application  Systems  activity.  As  a .key element in providing  manufac- 
turing  information  to  the  design  engineer  relative  to  planning,  manufactur- 
ing  control,  material  handling,  etc. , the  MC/DG  will  provide  the  Design/ 
Manufacturing  real  time  interface  that  is so important  in  reducing  costs. 

AEROSPACE SURVEY 

A key  task in structuring  the  overall  system  is in making  sure  that  the 
requirements  of  the  user  and  his or her  supervisors  are  accounted  for in 
generating a system that  will  be both accepted  and  useful. Therefore,  a 
survey  has  been  prepared  and  distributed  to 57 companies,  representing small, 
medium  and  large  manufacturing  organizations. 

Figure 8 describes  the  composition of the  survey  package. Each  survey 
administrator  is  given a complete  package  describing  why  and  what  the  survey 
is all about, stating  the  purpose  and  viewpoint  as  well  as  questions  tailored 
'or each  of  three  types  of  individuals: (1 )  Design  Engineer, (2) Design 
hgineering Manager  and ( 3 )  Data  Processing  Manager. 

Figures 9 through 11 show  sample  question  pages  from  each  of  these 
;urvey  areas. A computerized  survey  analysis  is  being  performed  as  of  this 
~riting and  will  be  used  to  establish  and  prioritize  MC/DS  requirements. 

IDEF MODELS 

In order  to  insure  successful  development,  one  must  first  establish an 
ntegrated  model  of  the  MC/DS.  Required  are  models  that  define  in a  very 
pecific  manner  the  following: 

o What  we  are  doing 

o What  is  needed  to  do  it 

o How we  do  it 

These three  general  representations  have  been  formalized  with  the 
welopment of  the  IDEF  methodologies  and  provide,  through  conventions 
ilored  to  the  needs of each, a solid  baseline  for  their  construction  and 
Lalysis. The existence  of  a  Function  Model (IDEF ), an Information  Model 
:DEF ) and a  Dynamics  Model (IDEF ) provides  a  complete  definition of any 
rstem. The  Function  Model  provldes  the  static  representation  of  the 
stem's activities  and  performer  relationships,  and  the  Information  Model 
.ovides a static  representation of the  information  required  and  its  logical 
.ructure. 
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The primary  purpose of the  Dynamics  Model  is  to  capture  the  precedent 
relationships  and the  dynamic  properties of the  system. The dynamic  prop- 
erties  are  important  time-oriented  elements  of  the  system. A secondary 
application of the  Dynamics  Model is to  provide  control  properties of a 
system. These  control  properties  define  when an activity  can  begin  and end, 
which  have  precedence  and  which  can be conducted in parallel. 

Figures 12 and 13 are  example  Composite  View  IDEF  drawings.  Further 
decompositions  have  been  made  which  break  down  these  activities  to  very 
specific  tasks. This  model  together  with  the  corresponding  IDEF  models 
under  development  will  be  used  to  generate  MC/DS  conceptual  designs. 

0 

12 

IPAD/ICAM  IMPLICATIONS 

The  current  long  range  NASA  roadmap  for  IPAD  shows  the  integration of 
the  computerized MC/DS  into an IPAD environment.  This  milestone  will  be  one 
of  the  first  such  planned  links  between IPAD and  ICAM. The importance of 
building  these  bridges  has  been  formalized  by  ICAM  through  a  group  of  roadmap 
projects  identified  as  the  Design-Manufacturing  Interactions  Thrust. It is 
within  this  thrust  area  that  the  MC/DG  efforts  are  being  funded.  Joint 
AF/NASA  efforts are now underway  to  identify  and  evaluate  the  criticality  of 
key  IPAD/ICAM  interaction  points. 

The computerized  MC/DS  must  accomplish  interfaces  with  CAD  geometric 
modeling  systems  as  well a s  with  manufacturing  information  systems.  Fortu- 
nately  MC/DS  will not bear  the  burden of this  requirement  alone  since  the 
success  of  many  CAD/CAM  systems  also  depends  upon  this  multiple  interface. 
The result  of  the  initial  IPAD  integration  of  the  computerized  MC/DS  will  be 
to further  demonstrate  the  need  to  create  standards/conventions  for 
geometric  modeling  and  manufacturing  information  management.  Once  such 
conventions are  established  within  a  company/industry,  the  MC/DS  can 
function  as  a  real  time  design-manufacturing  cost  optimization  tool. 

360 



COST 
INFORivlATlON 
SOURCES 

ECONOMIC 
LEVERAGE 

PARAMETRIC 
-\ 

\. 
\ 
\ 
\ 
\ 
\ PARAHETR IC/HIGH LEVEL TRADE-OFF 
\ TECHNIQUES 

- 

IL 0 2  
5 2  
= u  g w  
" 9 

n 

g g  
5," 
3 0  

ACTUAL COST CCLLECTION 

I 1 I I I 
CORCEPTUAL VAL IDATION FULL SCALE . PRODUCTICN OPERATIONS 

PHASE PHASE DEVEL. PHASE PHASE & SUPPOiiT 

Figure 1. - Early  design - economic leverage.  

F I S C A L  YEARS 

ARCHITECTURE 
(SM FAB) 

SEI FAB  CELLS 

IlCf.lE1 
SF: FAB  CENTER 

I DSS 

PLAfItIING/SCHEDULIf4G 

DESIGN  INTERACTION 

RSSEtlBLY ARCH. 
Sf1  ASSEMBLY ENABLING  TECH 
SI1  ASSEMBLY CELLS 
Sf1  ASSEMBLY CENTER 

COIIPOSITES  FAB ARCH. 
COMPOSITES FAR 

COMPOSITES  FAB  CELLS 
ENABi i t&TECH 

SI1 - COMPOSITES  (HYBRID) 
ASSEMBLY 

ELECTRONICS ARCH. 

L 

f 
I I  I /  I 

I 1 1 - 1  I I I 

l h  I 
I *  I t t  I 1 1  1 I 

86 

Y I 

I 
L 4  

1, 

ARMY/NAVY/AF FUNDING I J O I N T  

L-I ~ ~ . .. 

Figure 2 . -  Basic ICAM roadmap. 

361 



s r A T u s  

FY  79 

L E f K l i i E D - C A L I F  
LC'CKt!EEO-GEO;IGIA 
BCAC 
VOUGHT 
BELL 
IiUGHES-TUSCON 
HVGHES-L.A. 
K A  1 R 
GE-AEG 
T XU 
ROHR 
RXTTELLE 
TKO 
MOSI 

RT I 
SOFTECH 

UTC 
T A X  
C kt.!- I 

GE-HEC b AC 
HAE-COCAM 

CE-CR3 
GE-RESD 
I l T R l  
HOS 

GE-RESD 
I l T R l  
HOS 

FCITZER 6 ASSOC. 
zcs 
S!,LTORO IND. CTR. 

zcs 
FCITZER 6 ASSOC. 
S!,LTORO IND. CTR. I 
TAKE OKE 
fiBS I 
Ci. 'A  KILACRON 
UNI?tATION 
P-!IF .. 

DRAPER LABS 
ALCOA 
H0t;EYWELL- 
U. CF KENTUCKY 
U. OF CAL-OERKELEY 
PE till ST.~T€-I iAI4 
CYU (ALLEI I )  

HCSU 
SX'J (ALLEN) 

S 
s s s  

s s s   s s  
j S  P S  5 s  

S 
S 

S 
P S  s S S P  

S 
S I  

P 
S 
S 

P S  S f  

S 
P 

P 
S 
S 
S 

P 

P 

P 
? 

5 
P 

S 
P 

S 
S 

5 P 
P 

5 
S 

5 
P 

S P 

S P  

5 
S 

P 

P 
P 

P 
P 

P 

S 
P 

S 

S 
S 

P 
S 
S 

S 

S 

S 
S 

2 
S 

S 

Figure 3.  - ICAM matrix. 

36 2 



I 

ICAM  OFFICE  GENERALIZED  SOFTWARE  SYSTEM 
LIFECYCLE DEVELOPMENT STRATEGY 

FIRST  PHASE - UNDERSTANDING  THE  PROBLEM 

STEP (1) - NEEDS  ANALYSIS 

STEP 12) - REQUIREMENT  DEFINITION 

"""""- 
SECOND PHASE - FORMULATE a, JUSTIFY THE SOLUTION 

STEP (31 - PRELIMINARY DESIGN 

STEP (41 - DETAILED  SPECIFICATION  &OBTAIN 
APPROVAL  TO  BUI  LO 

THIRD  PHASE - SDLUTl?N  CONSTHUCTION 

STEP (51 - CONSTI? JCTIOFJ, V E R l F  ICATION  TEST 

STEP (61 - INTEGHATION.  VALIDATION 

FOURTH PHASE - INSTAI-LATION  AND USE 

STEP (7) - IMPLEfJcNTATION. USER  ACCEPTANCE 

STEP (8) - MAINTAIN  AND SUPPORT 

-~ ~ 

923-31 
~~ - "" ~ ~ 

ICAM  OFFICE  MClDC  COMPUTERIZATION  PLAN 

'HASE I - REQUlI7EMENTS 

(1) INTERFACES 81 INTEGRATION  REQUIREMENTS 

12) DEVELOPMENT & ANALYSIS  OF  SYSTEMS  MODELS 

(3) AEROSPACE SURVEY  RESULTS 

I41 MClDG  SYSTEM  SOLUTION 

15) DATA  ADMINISTRATION  SOLUTION 

(61 EVALUATION  OF  EXISTING  SOFTWARE 

(71 CONCEPTUAL  DESIGN  RECOMMENDATION(S1 """""- 
'HASE I I  - OPTION 1, CONCEPTUAL  DESIGN  IMPLEMENTATION 

(11 PRELIMINARY  DESIGN & APPROVAL 

(2 )  DETAILED  DESIGN & APPROVAL  TO  BUILD 

(3) DETAILED  DESIGN  IMPLEMENTATION 

(41 VERIFICATION  TEST  AND  VALIDATION 

(5) IMPLEMENTATION  AND USER ACCEPTANCE 

161 TRAINING  MECHANISMS  DEVELOPMENT 

(71 EVALUATION  OF  "PLATO"  FOR  TRAINING 

Figure 4.- ICAM generalized  software MC/DG computerization  comparison. 

-t 

AB1357XZ 

I 

Figure  5.-  Manufacturing  Cost/Design Guide computerization. 
(1 i n .  = 2.54 cm; 1 f t .  = a.3 m.) 
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Figure 7.- Subsystem interface.  

LETTER  TO 
PRIMARY 
CONTACT 1 

COVER  SHEET 

CONTEXT OF SURVEY 

SURVEY 
ADMlNlSTRATlON 
PROCEDURES 
IATTACHMENTI 

PURPOSE & VIEWPOINT 

OUESTIONNAIRE 
COMPLETION 
PROCEDURES 

DESIGN  ENGINEER 
OUESTIONNAIRE 
ITEN COPIES1 

DESIGN  ENGINEERING DATA PROCESSING 
MANAGER  OUESTIONNAIRE MANAGER  (IUESTIONNAIRE 
(ONE COPY1 [ONE  COPY) 

SURVEY PACKAGE 

ONE SET PER 
RESPONDENT 

TWELVE SETS 
PER PRIMARY 
CONTACT 

Figure 8. - Survey package. 
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9. 

10. 

11. 

12. 

13. 

What percentage of your  design  work comes with cost targets?  

a.  100% b. 75% C.  50% d. 25% e. OS, 

If ?'our  design work comes with  cost  targets.  what  is  the  source of these  targets?  (Indicate 
::lore than  one, if applicable. 

a .  Design  Engineer  (Using  Design  Procedures.  Design  Cost.  Guide.  etc.) 
b .  Conceptual  Design  Dept.  (Using  statistical  or  parametric  models) 
c.   Project Management  (Based on available  ,funding) 
d.  Corporate  Estimating  Dcpt. 
e. Engineering  Support  Function  (DTC/Value  Engineering) 
i. Other   (specify) :  

\?'hat percentage of your  design  assignments  are  defined  with  specific  scheduleltinle  constraints? 

a 100% b. 75% C .  50% d .  2 5 %  e. 0 %  

In Lvhat percentage of your  design  assignmcnts  do  you  perform  manufacturing  cost  design  trades? 

a .  100% b. 75% c.  50'3 d .  25% e .  0:. 

IVhen you  do  not perform a manufacturing  cost  design  trade for a design  assignrent.  it   usually 
is  because:  (rank with 1 = mubt frcqucrlt. Usc N A  i f  choice  docs  not  apply.) 

a.  Schedule  does  not allow adequate time 
b .  90 management  directive  (not  the common procedure) 
c.  Special  assignment  (cost  trade  not  nccessary) 
d .  Lack of appropriate  data 
c .  Performed  by  others 
f. Don't  know how 

Figure 9.- Sample survey  page - design engineer   quest ionnaire .  

1. To what  extent  are  you  involved  in the ICAM Program? 

a.  Contractually  involved 
b.  Keep up to date  (conferences.  reading) 
C .  Heard  about it 
d.  No knowledge or involvement 

2. What percentage of your  company's  contracts  are: 

a. Prime b. Subcontracts 

3. To what  extent is your company  interested in carrying  out  computer-aided  manufacturing  costldesign  trade-offs? 

a.  Extremely  interested 
b.   Interested 
c. Not under  consideration 
d .  Definitely  not  interested 
e. If not  interested,  please  state  reasons: 

4 .  Do you  currently  impose  cost  targets or  guidelines on design  engineers? 

a .  Always 
b. Usually 
c.  Occasionally 
d.  Rarely 
e. Never 

5 .  Were you  familiar  with  the  concept of Manufacturing  CostIDesign  Guide (MC/DC) before  you  received  this  questionna 

a .  Yes __ b .  No __ 

Figure 10. - Sample survey  page -. design  engineer ing manager quest ionnaire .  



1. What level of esperiencc  docs  your  company  havc  in  installinglmaintaining  software  systems  \\-it6  on-line  intcracti\"e 
applications? 

a .  \'cry  espcrienccd- b. Some\vhat  cspcricnced- C .  Very  little  csperience- d .  N o  esperience- 

2. Khat  lcvels of espericncc  docs  your  company  haw in installinglmaintaining so:tn.are systems  with  graphics-intense 
applications? 

a .  Very  espericnced- b .  Somelvhat  espcrienccd- c.  Very  littlc  espcricnce-  d. No esperience- 

3 .  What types of espcricnce  does  your  company  havc  in  computcr-aidcd  manufacturingldesign  su?,port?  (Indicate 110:-e 
than  one if applicable) 

a .  Have  developed  and  maintained  our own systems __ 
b.  Have  acquired  estcrnally  dcvelopcd  systcms - 
c .  Have  invcstisatcd  the use of such  systcms __ 
d .  Have no actjvc  cspcricnce __ 

4. Does your company LISC C.ADAI1 (Computer  Aidcd  Design  and  Jlanufacturing)  or C:\DAI!-likc soi:v:are systezls in  
support  of Dcsiqn  ancllor  Ilanuf;lcturiny  activitics? 

a .   1 -c~-   b .  so- c.  Don't know- 

5. Indic3tc  the  dcsrcc of difficulty  you  envision  in  supportinc  anautomnted  \lCIDC;. 

I .  2 .  3. 

Extrcmcly 
D~if icul t  

Somechat 
Difficult 

NO 
Prob!cm 

a .  Maintain the  software 

c.  Procure!confisurc  cquipmcnt 
b .  Train  uscrs 

e.  Provide  increased  computer  operations  staff 
d .  hlonitor usage of  system 

Figure 11.- Sample survey page - data  processing manager questionnaire. 

Program requirements/budget/schedule 

Design  requirements Stds./mfg. capability 

cost-estimating 
Manufacturing 

data -1 
consider  additional 
Requirement  to 

alternatives PERFORM 
Suggested  design 

changes 

Recommended 
design(s) 

MANUFACTURING  COST/DESIGN 

TRADE-OFFS 
Request(s) for 

mfg. cost analysis 

Purpose: To perceive,  understand, 
and  record  the  "as  is" 
environment of 
aerospace  design/manufacturing Produci bil ity I Cost  evaluation 

tools Viewpoint:  Design  engineer  working  group 
in either  preliminary or 
detail  design  engineer 

Design 

Figure 1 2  .- Example of Composite View IDEF model. 
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TURNKEY CAD/CAM SYSTEMS' INTEGRATION 

WITH IPAD SYSTEMS 

Robert E. Blauth 
Computervision Corporation 

ABSTRACT 

Today's commercially available turnkey CAD/CAM systems 
provide a highly interactive environment, and support many 
specialized application functions for the design/drafting/manu- 
facturing process. This paper presents an overview of several 
aerospace companies which  have successfully integrated turnkey 
CAD/CAM systems with their own  company-wide engineering and 
manufacturing systems. It also includes a vendor's view of the 
benefits as well as the disadvantages o f  such integration efforts. 
Specific emphasis is placed upon the selection o f  standards for 
representing geometric-engineering data and for communicating 
such information between different CAD/CAM systems. 

INTRODUCTION 

During the last decade, a number o f  turnkey Computer Aided 
Design and Computer Aided Manufacturing (CAD/CAM) systems have 
evolved which provide highly developed and cost-effective tools 
for increasing industrial productivity. They support many spe- 
cialized application functions which automate the engineering 
design, drafting, and manufacturing processes. One of the largest 
users of these turnkey systems today is the aerospace industry. 
Some of the applications in the design and manufacture of airplane 
products which are supported by the various turnkey CAD/CAM ' 
systems are listed below: 

Geometric definition of aircraft surfaces 
Structural layout of internal aircraft parts 
Calculation of mass properties such  as weight 

Generation of finite element mesh data for 

3D kinematic visualization 
Layout of fuel and hydraulic tubing systems 
Cockpit instrumentation layout 
Layout of passenger facilities 
Wire harness design and fabrication 

and center of gravity 

structural analysis 
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Antenna   pa t t e rn   des ign  
C o c k p i t   v i s i b i l i t y   s t u d i e s  
.Crea t ion   of   l ayout ,   de ta i l   and   assembly   drawings  
Genera t ion   o f   ope ra t ion   shee t s   and   p rocess   p l ann ing  

T e c h n i c a l   p u b l i c a t i o n s   f o r  maintenance  manuals 
Genera t ion   of  N / C  t o o l p a t h  d a t a   f o r   d r i l l i n g ,  

3D f l a t  p a t t e r n   u n f o l d i n g  
Nest ing  of  f l a t  p a t t e r n s   f o r   f l a m e - c u t t i n g  
Tool   and   f ix ture   des ign  
Der iva t ion   o f   i npu t   fo r   compute r i zed   i n spec t ion  

drawings 

m i l l i n g ,   r o u t i n g   a n d   t u r n i n g   o p e r a t i o n s  

sys  tems 

Throughout   the  next   decade,   turnkey CAD/CAM systems w i l l  
p l ay   an   i nc reas ing ly   impor t an t  r o l e  i n   t h e   d e s i g n ,   e n g i n e e r i n g ,  
and-manufac ture   o f   aerospace   vehic les .   Dur ing   the   next   few 
years ,   however ,   turnkey  systems w i l l  t e n d   t o   c o n t i n u e  t o  address  
spec i f i c   s egmen t s   o f   t he   p roduc t   deve lopmen t   p rocess   r a the r   t han  
becoming   sys t ems   wh ich   t o t a l ly   i n t eg ra t e   a l l   o f  a company's 
CAD/CAM t e c h n o l o g i e s .  Thus many aerospace  companies ,   as  well  a s  
t h e   i n d u s t r y   a s  a whole ,   have   recognized   the   need   to   address   the  
i n t e g r a t i o n   o f   t h e i r   v a r i o u s  CAD/CAM a c t i v i t i e s   t h e m s e l v e s .  

INTEGRATION OF TURNKEY CAD/CAM SYSTEMS 

WITH AEROSPACE  SYSTEMS 

By the   s econd   ha l f  o f  t h e  1 9 7 0 ' s ,  t h e   b e n e f i t s  o f  u s ing  
turnkey CAD/CAM sys t ems   and   t he i r   con t r ibu t ions   t o   improv ing   t he  
overa l l   deve lopment   cyc le  f o r  aerospace   vehic les   were   wel l   recog-  
n i z e d  by t h e   a i r c r a f t   i n d u s t r y .  Many companies  such  as  Boeing, 
General  Dynamics, Grumman, Lockheed,  McDonnell  Douglas,  Northrop, 
and  Rockwell  began t o  use   tu rnkey   sys tems  as   par t   o f   major  new 
engineer ing  development   programs.   Having  real ized  the  need t o  
i n t e g r a t e   t h e s e   t u r n k e y   s y s t e m s   w i t h   t h e i r  own e x i s t i n g   i n - h o u s e  
CAD/CAM f a c i l i t i e s ,   s e v e r a l   o f   t h e   a b o v e   c o m p a n i e s   b e g a n   t o  
d e v e l o p   t h e i r  own i n t e g r a t e d   s y s t e m s .  
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Grumman Aerospace  Corporat ion 

One o f  t h e   e a r l y   e f f o r t s   t o   i n t e g r a t e  a turnkey  system 
wi th  a computerized a i r  vehic le   des ign   sys tem was accomplished 
by Grumman Aerospace   Corpora t ion   ( r e f .   1 ) .  They developed a 
s y s t e m   c a l l e d  GEMS (Grumman Engineering  and  Manufacturing  System) 
which u t i l i z e d   t h e  Lockheed CADAM s y s t e m   f o r   d e s i g n ,   d r a f t i n g ,   a n d  
N / C  t o g e t h e r   w i t h   t h e i r  own s o f t w a r e   f o r   c o n f i g u r a t i o n   c o n t o u r  
development ,   s t ructural   design  and  model ing  of  2 D  and 3 D  space 
f rames ,   and   mas ter   d imens ioning   for   sec t iona l ized   conic   sur face  
gene ra t ion   o f   ae rospace   veh ic l e s .  A block  diagram  of   the GEMS 
system i s  shown i n   f i g u r e  1. 

S e v e r a l   d e s i g n / d r a f t i n g   p r o j e c t s   i n   w h i c h   t h e  GEMS system 
was used   i nc luded   t he   s t ruc tu ra l   d rawings   fo r   t he   Louvered   Sca r fed  
Shroud  Sys tem,   an   in f ra - red   suppressor ,   and   the   pod   adaptor   s t ruc-  
t u r e  f o r  t h e  F - 1 4  TARPS (Target   Acquis i t ion  and  Reconnaissance Pod 
System). N / C  machining o f  an E F - 1 1 1  bulkhead  and  longeron  were 
also  accomplished  using GEMS. 

C u r r e n t   p l a n s   a t  Grumman inc lude   ex tending  GEMS by  develop- 
i n g   i n t e r f a c e s   t o   o t h e r   i n t e r n a l l y   d e v e l o p e d   c o r p o r a t e   s y s t e m s  
such  as  RAVES (Rapid  Aerospace  Vehicle  Evaluation  System)  and 
General   Engineer ing  Programs,   as   wel l   as  t o  another   tu rnkey  
CAD/CAM system  which  they  subsequent ly   had  acquired f rom 
Computervision  Corporation. 

Northrop  Corporat ion 

Northrop  Corporation i s  another  example o f  a company which 
has   deve loped   an   in tegra ted  CAD/CAM f a c i l i t y  b y   i n t e r f a c i n g   s e v -  
e ra l   t u rnkey   sys t ems   w i th  i t s  own i n t e r n a l   c a p a b i l i t i e s   ( r e f .  2 ) .  
Northrop 's   system was used t o  b u i l d   t h e  main s t r u c t u r a l  box  s k i n  
f o r   t h e   v e r t i c a l   t a i l  of t h e  F - 1 8  a i r c r a f t .   G e n e r a t i o n  o f  l o f t  
d a t a ,  3 D  l a y o u t s ,  2 D  de t a i l   and   a s sembly   d rawings ,   f i n i t e   e l emen t  
m o d e l i n g   d a t a   f o r   s t r u c t u r a l   a n a l y s i s ,   t o o l   a n d   f i x t u r e   d e s i g n ,  
i n t e r a c t i v e  N / C  t o o l p a t h   g e n e r a t i o n ,   a n d   q u a l i t y   a s s u r a n c e   d a t a  
a re   a l l   suppor t ed   w i th in   t he   Nor th rop   sys t em.  

Boeing  Commercial  Airplane Company 

One o f  the  most   ambit ious  and more r e c e n t l y   p u b l i c i z e d  
( r e f .  3)  p r o g r a m s   t o   i n t e g r a t e   a l l   a s p e c t s   o f  CAD and CAM f o r  t h e  
p roduc t   de f in i t i on ,   ana lys i s ,   and   manufac tu re   o f   a i rp l ane   p roduc t s  
has  been  accomplished  by  the  Boeing  Commercial   Airplane Company. 



Boeing  has  developed a s y s t e m   c a l l e d  C I I N  (CAD/CAM I n t e g r a t e d  
Information  Network)  which i s  c u r r e n t l y   b e i n g   u s e d   t o   s u p p o r t  
the  development   of  two new a i r p l a n e s ,   t h e  7 5 7  and   t he  7 6 7 .  The 
C I I N  s y s t e m   i n t e g r a t e s :   ( 1 )   s e v e r a l   d i f f e r e n t   t u r n k e y   d e s i g n  
systems  including  Computervis ion,   Gerber ,   and A D - 2 0 0 0 ,  
( 2 )  Boeing ' s   in te rna l ly   deve loped   Batch  CAD a n d   I n t e r a c t i v e  
Design  Analysis  systems,  and ( 3 )  o t h e r   s y s t e m s   f o r   p l o t t i n g   a n d  
APT p rocess ing .   F igu re  2 shows t h e  C I I N  s y s t e m ' s   c o n f i g u r a t i o n .  
The var ious  systems  which  comprise   the  network  are   geographical ly  
d i s t r i b u t e d   b o t h   i n   t e r m s   o f   p r o c e s s o r s ,   t e r m i n a l s ,   a n d   r e s i d e n t  
so f tware .  The key t o  t h e  C I I N  system,  however, i s  t h a t  a s t a n d a r d  
form o f  geometry   res ides  on a cen t r a l ly   l oca t ed   ma in f rame   compute r  
which i s  accessed   and   sha red   by   a l l   u se r s   and   t e rmina l s .  

The c u r r e n t  C I I N  s y s t e m   p r i m a r i l y   s e r v e s   t o   p r o v i d e   i n t e r -  
a c t i v e   d e s i g n   t o o l s   t o   B o e i n g ' s   e n g i n e e r s  f o r  CAD and CAM a p p l i -  
ca t ions .   Future   deve lopments  w i l l  i n c l u d e   t h e   i n t e g r a t i o n   o f   t h e  
p l a n n i n g   a n d   d e s i g n   r e t r i e v a l   a c t i v i t i e s   w i t h i n   B o e i n g   w i t h   t h e  
e x i s t i n g  CAD/CAM a p p l i c a t i o n s .  

I PAD 

The mos t   s ign i f i can t   deve lopmen t   cu r ren t ly   unde rway  t o  
i n t e g r a t e  CAD/CAM sof tware   and   hardware   t echnology  for  company- 
wide  management  of  engineering  data i s  t h e  IPAD ( I n t e g r a t e d  
Program f o r  Aerospace-Vehicle  Design)  program,  sponsored  by NASA. 
The i n t e g r a t i o n  o f  tu rnkey  CAD/CAM systems  with IPAD systems w i l l  
u l t i m a t e l y   p r o v i d e   t h e   m o s t   c a p a b i l i t y   a n d   f l e x i b i l i t y  t o  u s e r s  
o f  such  systems. 

BENEFITS OF INTEGRATION WITH TURNKEY 

CAD/CAM SYSTEMS 

S e v e r a l   m a j o r   b e n e f i t s   a r e   a v a i l a b l e  t o  those  companies 
which  have  a l ready  accomplished some degree o f  CAD/CAM system 
i n t e g r a t i o n .  F i r s t ,  t h e y   c a n   e x p l o i t   t h e   s p e c i a l i z e d   f e a t u r e s  
a n d   c a p a b i l i t i e s   o f  a g iven   t u rnkey   sys t em  in s t ead   o f   hav ing  t o  
r e - inven t   t hem.   Second ,   t hey   don ' t   necessa r i ly   have   t o   l ock  
themselves   in   to   one  turnkey  vendor  i f  they   can   deve lop   the   appro-  
p r i a t e   d a t a b a s e   i n t e r f a c e s   w i t h i n   t h e i r   i n t e g r a t e d   s y s t e m .  A s  
s u c h ,   t h e y   h a v e   t h e   a b i l i t y  t o  u t i l i z e   t h e   u n i q u e   s t r e n g t h s   o f  
d i f f e r e n t   t u r n k e y   s y s t e m s  f o r  d i f f e r e n t   a p p l i c a t i o n s   w i t h i n   t h e i r  
development  process.  F o r  example,  one  system (A) might  be  used 
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f o r  3D design  purposes ,  a d i f f e r e n t   s y s t e m  (B)  u s e d   f o r   c r e a t i n g  
f i n i t e   e l e m e n t  mesh da ta ,   and   even  a t h i r d   s y s t e m  (C) could  be 
used f o r  gene ra t ing   t he   de t a i l   d rawings .   Thus ,   t he   u se r   o f   such  
a n   i n t e g r a t e d   s y s t e m   h a s   t h e   f l e x i b i l i t y   t o   c h o o s e   b e t w e e n   d e v e l -  
o p i n g   c e r t a i n   f u n c t i o n s   i n t e r n a l l y ,   u s i n g  a turnkey  system  which 
a l r e a d y   h a s   s u c h   c a p a b i l i t i e s ,   o r   c h o o s i n g   d i f f e r e n t   t u r n k e y  
systems  which  each  provide  unique  appl icat ion  features .  

An a d d i t i o n a l   b e n e f i t  i s  de r ived  by t h e   i n t e g r a t e d   u s e r   i n  
t ha t   geomet r i c   da t a   can   be   t r ansmi t t ed  t o  and  ,from  the  company's 
subcon t rac to r s  i f  t h e y   a l s o  are u s e r s  o f  tu rnkey  CAD/CAM systems. 
Use o f   t h i s   g e o m e t r i c   d a t a b a s e   c a n   d r a m a t i c a l l y   r e d u c e   t h e   e r r o r s  
i n h e r e n t   i n   i n t e r p r e t i n g   ( a n d   o f t e n   m i s i n t e r p r e t i n g )   d r a w i n g s ,   a s  
w e l l   a s   t h e   t i m e   o f t e n   s p e n t   i n   r e - c r e a t i n g   t h e   e n g i n e e r i n g   d a t a ,  
e .g .   for   manufac tur ing   engineer ing   purposes .  

PROBLEMS OF INTEGRATION WITH TURNKEY 

CAD/CAM SYSTEMS 

Three  major  problems  arise f o r  any company which  does 
develop o r  acqui re   an   in tegra ted   sys tem  today:   main tenance /  
s e r v i c e ,   t r a i n i n g ,   a n d   u n i q u e   s u b - s y s t e m   f u n c t i o n a l i t y .  Once any 
system  becomes  composed o f  d i f fe ren t   hardware   and/or   sof tware   f rom 
d i f f e r e n t   e x t e r n a l   ( o r   e v e n   i n t e r n a l )   s u p p l i e r s ,   t h e   q u e s t i o n   o f  
r e s p o n s i b i l i t y  f o r  maintenance  and  service  becomes  important.  
C l e a r - c u t   r e s p o n s i b i l i t i e s  must   be  ass igned  in  a top-down  fashion 
for   main ta in ing   each   "module"   wi th in   the   sys tem.   In te r face  
s tandards   and   tes t   p rocedures   mus t   be   comple te ly   def ined  s o  t h a t  
p rob lems   can   be   qu ick ly   i so l a t ed ,   and   " f inge r -po in t ing"   can   be  
thereby  avoided.  

Tra in ing  i s  another  problem  which w i l l  occur  when d i f f e r e n t  
sys t ems   a r e   i n t eg ra t ed .  Most turnkey CAD/CAM systems  today  have 
t h e i r  own unique command languages ,   opera t ing   procedures ,   and  
hardware   input /output   devices .   Al though  "s tandard iza t ion"  i s  n o t  
p o s s i b l e   i n   t h e s e   a r e a s   i n   t h e   s h o r t  term, a c o n c e r t e d   e f f o r t  t o  
make t h e s e   s y s t e m s   f r i e n d l i e r ,  i . e .  e a s i e r   t o   u s e ,  i s  a p p r o p r i a t e .  
If tu rnkey   sys t ems   a r e   t o  become p a r t   o f  IPAD o r   i n d u s t r y -  
developed  integrated  systems,   they  must   provide much s imple r   u se r  
i n t e r f a c e s   a n d  more s e l f - t e a c h i n g   a i d s   t h a n   t h e y   d o   c u r r e n t l y .  
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F i n a l l y ,   l o s s   o f   s p e c i f i c   s u b - s y s t e m   f u n c t i o n a l i t y  i s  
g o i n g   t o   b e   t h e   l a r g e s t  prob.lem w i t h i n   i n t e g r a t e d  CAD/CAM systems. 
Many of   the   un ique  CAD/CAM fea tu res   deve loped   by   u se r s  
(e .g .  Grumman, Nor th rop ,   Boe ing ,   e t c . ) ,   supp l i ed  by  vendors 
(e .g .   Computervis ion,   Gerber ,   Lockheed,   e tc . ) ,   and  supported  by 
i n t e g r a t o r s   ( e . g .  IPAD) c a n ' t   b e   f u l l y   e x p l o i t e d  on   any   in tegra ted  
system  today.  The r e a s o n   f o r   t h i s  i s  tha t   no   da t abase   sys t em 
c u r r e n t l y   e x i s t s   f o r  CAD/CAM a p p l i c a t i o n s   t h a t   c a n   s u p p o r t   a l l   t h e  
fea tures   o f   every   such   sys tem.  F o r  example ,   in   Boeing ' s  C I I N  
sys t em  desc r ibed  e a r l i e r ,  t h e   " s t a n d a r d  form"  of  geometry com- 
p l e t e l y   d e f i n e s   t h e  3D model d a t a   o f  a p a r t .  However, many of  
t h e   r e l a t i o n s h i p s   b e t w e e n   t h e  model  and i t s  a s soc ia t ed   d rawings ,  
a s  well a s   o t h e r   n o n - g e o m e t r i c   i n f o r m a t i o n ,   a r e   l o s t  when t h e  
d a t a  f rom a turnkey  system i s  c o n v e r t e d   t o  C I I N  format   and  then 
r e -conve r t ed   back   t o   t he  same tu rnkey   sys t em.   Thus ,   i n   f ac t ,   t he  
i n h e r e n t   f u n c t i o n a l i t y   o f   a n y   i n t e g r a t e d   s y s t e m  may become t h e  
" lowest  common denominator" o f  t h e   f u n c t i o n a l i t i e s   o f   e a c h  o f  i t s  
sub-systems.  

TURNKEY CAD/CAM SYSTEMS' INTEGRATION 

WITH IPAD SYSTEMS 

I n   o r d e r  t o  achi-eve  the maximum b e n e f i t s   f r o m  an i n t e g r a t i o n  
of   tu rnkey   sys tems  wi th  IPAD, two areas   must   be  addressed.  F i r s t ,  
i t  has   recent ly   been   recognized   by   the  ANSI  Y14.26 subcommittee, 
t h a t  a m u l t i - l e v e l l e d   s t a n d a r d   s h o u l d   e x i s t   f o r   g e o m e t r i c   d a t a  
r ep resen ta t ion   wh ich   i nc ludes   da t a   fo rma t s  similar t o   t h o s e   i n   u s e  
by today ' s   tu rnkey   sys tems,   toge ther   wi th   formats   for  more soph i s -  
t i ca t ed   geomet r i c   mode l s .  A s  such ,   the   In i t ia l   Graphics   Exchange  
S p e c i f i c a t i o n  (IGES) ( r e f .  4) prepared   by   the  NBS t o g e t h e r   w i t h  
both CAD/CAM users   and  vendors   has   been  accepted  as   Sect ions 2 ,  
3 ,  and 4 o f   t h e  new ANSI Y14.26.X-198X ( r e f .  5 )  proposed   s tandard .  
IPAD's s u p p o r t   o f   t h i s  new ANSI s t a n d a r d  w i l l  g r e a t l y   f a c i l i t a t e  
t he   i n t eg ra t ion   w i th   t u rnkey   sys t ems .   In   add i t ion ,   t he   cu r ren t  
IPAD program  has   focused   pr imar i ly  on t h e   d e s i g n ,   d r a f t i n g ,   a n d  
N / C  a spec t s   o f   ae rospace -veh ic l e   deve lopmen t .   In   t he   fu tu re ,  
IPAD should   cons ider   ex tending  i t s  geometry  format,  which i s  
c u r r e n t l y   m e c h a n i c a l   d e s i g n   o r i e n t e d ,   t o   i n c l u d e   e l e c t r i c a l   a n d  
p i p i n g   a p p l i c a t i o n s   a s   w e l l .  
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Secondly ,   in te r face   s tandards   for   communica t ion   pro tocols  
must   be   def ined   to   e f f ic ien t ly   suppor t   communica t ion   be tween IPAD 
systems  and  turnkey CAD/CAM sys tems.   S tandards   should   be   es tab-  
l i s h e d   f o r   d i s k ,   c a s s e t t e ,   a n d   m a g n e t i c   t a p e   f o r m a t s ,  as well a s  
for   d i rec t   da ta   communica t ion   l inks   be tween  . such   sys tems.  A coop- 
e r a t i v e   e f f o r t ,   u s i n g   t h e   c o l l e c t i v e   e x p e r i e n c e  of t h e   t u r n k e y  
system  vendors ,   users ,   and IPAD p e r s o n n e l ,   w o u l d   h e l p   t o   e f f e c t  
the  development   of   compat ible   interfaces   between IPAD and  non-IPAD 
sys  tems . 

SUMMARY 

During  the  next   decade,   turnkey CAD/CAM system  vendors w i l l  
inves t   be tween $ 5 0 0  mi l l i on   and  $1 b i l l i o n   d o l l a r s   i n   d e v e l o p i n g  
new and  improved CAD/CAM s y s t e m   c a p a b i l i t i e s .  The a b i l i t y   f o r  
IPAD u s e r s   t o   i n t e r f a c e   t h e i r   s y s t e m s   w i t h   t u r n k e y  CAD/CAM systems 
w i l l  p r o v i d e   t h e   b a s i s   f o r   m a j o r   i m p r o v e m e n t s   i n   i n d u s t r i a l   p r o -  
duc t iv i ty   t h roughou t   t he  1 9 8 0 ' s .  The key   t o   accompl i sh ing   t h i s  
i n t e g r a t i o n  i s  through  the   use  o f  s t a n d a r d   f i l e   s t r u c t u r e s   a n d  

. s t anda rd   communica t ion   fo rma t s   fo r   t r ansmi t t i ng   geomet r i c ,   eng in -  
eer ing   and   manufac tur ing   da ta   be tween  d i f fe ren t   sys tems.  CAD/CAM 
i s  a dynamic  technology f o r  a e r o s p a c e   a p p l i c a t i o n s   i n   t h e   1 9 8 0 ' s .  
In   order   to   remain  compet i t ive,   these  companies  w i l l  h ave   t o   be  
a b l e  t o  combine  turnkey, IPAD, a n d   i n - h o u s e   f a c i l i t i e s   i n  a 
t o t a l l y   i n t e g r a t e d   s y s t e m .  
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GLOSSARY 

ACT 
Acceptance  Criteria  for  Testing 

AD 2000 
A commercially  available  product  of  Manufacturing  and  Consulting  Services 
for computerized  desigh  drafting/N.C.  programming  functions. 

AGDM 
Agent  Directory  Manager 

ANSI 
American  National  Standards  Institute 

ANSI/SPARK THmE SCHEMA  DATA  MODEL 
A  data  model  described  in  an  ACM  SIGMOD  FDT  Bulletin  which  first 
recognized  the  need  for  external,  conceptual,  and  internal  data  base 
descriptions. 

AP 
Access  Primitives 

1 APIL 
Application  Program  Interface  Language 

APT 
Automatically  Programmed  Tools - A  manufacturing  application  computer 
program. 

APU 
Auxiliary  Power  Unit 

ART 
Average  Response  Time 

ATTRIBUTE 
Representation of the  use of  a  domain  within  a  relation. An attribute  can 
be  thought  of  as  a  column  in  a  table  whose  values  are  drawn  from  a  domain. 

3-TREE 
Hierarchical  indexing  method  that  always  maintains  a  balance  between  the 
number of entries  in  the  branches  of  the  hierarchy. 

3AL 
Basic  Assembly  Language 

3ATCH 
A  group  of jobs to be  run on a  computer  at  one  time  with  the  same  program. 

3CD 
Binary  Coded  Decimal 

I 
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CAD 
Computer Aided Design 

CADAM 
Computer-Graphics Augmented Design  and  Manufacturing  (Lockheed  System) 

CAM 
Computer  Aided  Manufacturing 

CCL 
Conceptual Command Language - Language u s e d   i n   I P I P  t o  perform  operat ions 
on   tup les  a t  the   concep tua l   l eve l  record l e v e l .  

CCLD 
Conceptual Command Language Driver  

CCLPR 
Conceptual Command Language Process ing   Rout ines  

CCP 
Conceptual   Constraint   Processor  

CCR 
Configurat ion Change Request 

CDR 
Cri t ical  Design Review 

CHUNK 
An uns t ruc tu red  data s e t  t h a t  ex i s t s  o u t s i d e   t h e  bounds  of  the  formally 
def ined  data bases .  It has  no de f in i t i on   o f   fo rma t ,   no r   does   IP IP  know 
what data elements are i n  it. 

C I T  
Conceptua l   In te rna l   Trans la tor  

CITRTS 
Conceptua l - to- In te rna l   Trans la tor  Run-Time Subsystem 

CITT 
Conceptua l   In te rna l   Tuple   Trans la tor  

CNC 
Computer Numerical Control  

COCAM 
Committee  on  Computer  Aided  Manufacturing 

CODASYL 

- Conference  on E t a  System Languages - a group of computer  vendors,   users,  
and  government  agencies  formed i n  1959 t o  recommend a common h igh- leve l  
language. 
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CODASYL  DBTG  MODEL 
A network  data  base  model.  The  fundamental  data  structure is  the  record, 
and  records  are  related  into  logical  structures  using  the  notion of sets. 

CONCEPTUAL  COMMAND  LANGUAGE 
Language  used  in  IPIP  for  performing  operations on tuples  at  the  conceptual 
record  level.  This  is  the  means  by  which  the  external-to-conceptual  run- 
time  subsystem  communicates  with  the  conceptual-to-internal  run-time 
subsystem. 

CONCEPTUAL SCHEMA 
A  description  of  all  data  known  to  the  data  management  system  and 
independent  of  any  user  views  (external  schemas)  or  physical  storage 
considerations  (internal  schemas).  The  conceptual  schema  is  compiled 
into  tables  and  used  by  the  external  schema  compiler,  the  internal 
schema  compiler,  and  the  run-time  subsystems. 

CONCEPTUAL  SCHEMA  COMPILER 
The  component  of  IPIP  that  compiles  a  conceptual  schema  source  and 
produces  conceptual  schema  object  tables  which  are  stored  by DIMS.  

CONCEPTUAL-TO-INTERNAL  RUN-TIME  SUBSYSTEM 
A  set of routines  and  processors  within  IPIP  us-ing  the  tables  set  up  by  the 
conceptual-to-internal  translator  to  perform  the  transformations  between 
conceptual  schema  records  and  internal  schema  records. Also processes  keys 
by  using  and  maintaining  the  files  created  for  keyed  attributes. 

CONSTRAINT 
A condition  or  set  of  conditions  specified  by  the  conceptual  schema  author 
for  establishing  rules  of  integrity  that  must  be  satisfied  by  data  within 
the  data  base,  including  range  checks,  uniqueness  requirements,  and  subset 
conditions. 

CPU 
Central  Processing  Unit 

' CR 
Conceptual  Relation 

CFU 
Conceptual  Relation  Instance 

CRT 
Cathode  Ray  Tube 

CRV 
Curve 

ZS 
Conceptual  Schema - A  description  of  all  data  known  to  the  data  management 
system.  It  is  independent  of  the  users'  view  or  the  physical  devices. 
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CSA 
Common  Service  Area 

csc 
Conceptual  Schema  Compiler 

CSN 
Conceptual  Schema  Name 

css 
Conceptual  Schema  Source 

CT 
Conceptual  Transaction 

DATA  AREA 
A  logical  grouping of data  sets  based  on  configuration  control  permissions 
of the  data  set.  Data  areas  relate  to  each  other  in  a  hierarchical 
manner  that  generally  follows  the  structure of the  user's  organization. 

DATA  BASE 
A  data  base  is  all  user  data  logically  associated  with  a  single  conceptual 
schema  as  well  as  its  associated  undefined  data  sets. 

DATA  DEFINITION  LANGUAGE 
Language  used  by  the  data  base  administrator  to  describe  the  content of 
the  conceptual,  external,  and  internal  schemas. 

DATA  MANIPULATION  LANGUAGE 
Data  manipulation  language  used  by  the  application  programmers  to 
manipulate  data  in  the  data  base  from  within  an  application.  There  is  a 
unique  data  manipulation  language  for  each  type  of  external  schema 
supported  by  the  data  base  management  system. 

DATA  SET 
An arbitrary  collection  of  records  as  grouped  by  the  user.  A  data  set  may 
be  a  defined  data  set  (i.e.,  as  defined  by  the  three  schemas)  or  an 
undefined  data  set. 

DBA 
Data  Base  Administrator - An individual or organization  having 
responsibility f o r  data  bases. 

DBMS 
Data  Base  Management  System - A generalized  software  system  for  managing 
data  bases  and  making  interrogation,  maintenance  and  analysis  of  data 
available  to  users. 

DCS 
Distributed  Computing  System - A  network  of  computer  systems  whose  control 
is  usually  distributed  throughout  the  system. 
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DDL 
Data  Definition  Language - A language  for  defining  a  data  model  together 
with  part of its  mapping  to  storage. 

DDS 
Data  Definition  Subsystem 

DOMAIN 
A universal  set of values  from  which  the  actual  values  appearing in a 
column  (attribute) of a  table  (relation)  are  drawn. 

DPT 
Distributed  Processing  Table 

DRTS 
Distributed  Run-Time  Subsystem 

DS 
Data  Set 

ECM 
Executive  Command  Mode 

ESC 
External  Schema  Compiler 

ESN 
External  Schema  Name 

ZSO 
External  Schema  Object 

Ism External  Schema  Record  Name 
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EXTERNAL SCHEMA 
A  description of the  user's  view  of  data and data  relationship  contained 
in  the  conceptual  schema.  The  data  base  administrator  writes  an  external 
schema  for a particular  user  view  describing  types  of  data  the  user  can 
view  and  relationships  existing  within  that  data. 

EXTERNAL  SCHEMA  COMPILER 
The  component  that  converts  a  user's  source  external  view of the  data  base 
into  a  set  of  object  tables  used  by  the  external-to-conceptual 
translator.  One  compiler  is  required  for  each  different  external  data 
model  used  (relational,  network,  geometric,  etc.). 

EXTERNAL-TO-CONCEPTUAL  SCHEMA  TRANSLATOR 
A processor  which  maps  external  records  into  conceptual  records,  and  vice 
versa,  for  the  purpose  of  satisfying  user  requests  upon  IPIP. 

FEDD 
For  Early  Domestic  Dissemination - A  constraint  concerning  foreign 
distribution  placed  upon  most  IPAD  documentation. 

GEOMETRIC  EXTERNAL  SCHEMA 
An external  schema  written  in  a  geometry  data  definition  language 
describing  the  structure of engineering  objects. 

GPGS 
General  Purpose  Graphics  System 

GPGS-F 
General  Purpose  Graphics  System - A  commercially  available  product  of 
University of Trondheim,  Norway,  which  is a FORTRAN  library of graphics 
subroutines. 

GRTS 
Geometry  External-to-Conceptual  Translator  Run-Time  Subsystem 

HEADER  DATA 
Specific  data  stored  in  the  DIMS  data  bank  consisting of data  set  name, 
version,  owner ID, creation  date  and time,  security,  retention 
information,  processing  histories,  etc. 

HLGR 
Higher-Level  Graphics  Related  Software 

HYPERCHANNEL 
A commercially  available  product  of  Network  Systems  Corporation  which  is  a 
high  speed  data  bus  capable  of  transfer  rates  of 50 megabits. 

ICAM 
Integrated  Computer-Aided  Manufacturing - A  large CAM system  being 
developed  with  Air  Force  support  and  industry  cooperation. 
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I D R  
Intermediate   Design Review 

IF 
IPEX Function 

INF 
IP IP   Nav iga t iona l   Fac i l i t y  

INFORMATION BANK 
The t o t a l   a c c u m u l a t i o n   o f   d a t a  known t o  IPAD, c o n s i s t i n g  of d a t a   w i t h i n  
t h e   d a t a   b a s e  as w e l l  as chunks. ( D a t a  is  c o n s i d e r e d   t o  be known t o  IPAD 
i f   t h e r e  is  h e a d e r   d a t a   i n   t h e  IPAD system  bear ing  information  about   the 
data.) The information  bank i s  complete   and  self-descr ibing.  

INTERNAL RUN-TIME SUBSYSTEM 
A set  o f   rou t ines   and   p rocesso r s   w i th in   IP IP   t ha t   u se   t he  tables set  up  by 
the   concep tua l - to - in t e rna l   t r ans l a to r   t o   ac tua l ly   pe r fo rm  the   da t a  
t r a n s f e r s  between  conceptual  schema  records  and  internal schema records .  
Also processes   keys by us ing   and   ma in ta in ing   t he   f i l e s   c r ea t ed   fo r   keyed  
a t t r i b u t e s .  

I N T E R N A L  SCHEMA 
A t abu la r   desc r ip t ion   o f  how the   da t a   co r re spond ing   t o  a conceptual  schema 
phys ica l ly   r e s ides   on   t he  m a s s  s to rage   devices .  It  d e s c r i b e s   t o   t h e   d a t a  
management sys tem  what   da ta   f ie lds  are t o  be t r e a t e d  as keys,  how l a r g e  
the   phys i ca l   r eco rds  are,  as w e l l  as o t h e r   d e t a i l s  needed  by the  run-t ime 
sys t em  to   s to re   and  retrieve d a t a  f rom  the  devices .  

INTERNAL SCHEMA COMPILER 
A t r a n s l a t o r   t h a t   p r o d u c e s   a n   i n t e r n a l  schema o b j e c t  (ISO) c o n s i s t i n g   o f  
t a b l e s   c o n t a i n i n g   e s s e n t i a l   d a t a  items from t h e   i n t e r n a l  schema source 
(ISS).   These  tables  are s to red   i n   t he   me tada ta   base  by the   da t a   i nven to ry  

management subsystem (DIMS). The compiler  checks  syntax  and  performs 
va l ida t ion   checks   wi th   conceptua l  schema informat ion   in   the   metada ta  
base .   Output   a l so   inc ludes   d iagnos t ics   and   l i s t ings   o f   the   ISS.  

I / O  
Input/Output 

IPAD 
In t eg ra t ed  Programs for  Aerospace  Vehicle  Design 

IPEX 
IPAD Executive 

IPIP 
I P A D  Information  Processor  - The d a t a   b a s e  management system  of  IPAD. 
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IPIP PRECOMPILERS 
Programs t h a t  process app l i ca t ion  programs containing embedded d a t a  
manipulation commands t h a t  are t rans la ted   in to   source   l anguage  
communication areas and  subroutine calls for communication with  the  IPIP 
run-time  subsystems. 

I P O  
IPAD Pro jec t   Of f i ce  (NASA Langley  Research  Center) 

IPSR 
IPEX Service  Routines 

I R B N  
In t e rna l   Re la t ive  Block Numbers 

IRQL 
I P I P  Rela t iona l  Query  Language 

ISC 
I n t e r n a l  Schema Compiler 

IS0 
I n t e r n a l  Schema Object 

ISS 
I n t e r n a l  Schema source 

ITAB 
Industry  Technical  Advisory  Board - A group  giving  advice  and  guidance t o  
the  IPAD development. 

JEQ 
Job  Execution Queue 

KEY 
For  conceptual  or  external  schemas, an a t t r i b u t e  or  combination  of 
a t t r i b u t e s   t h a t   u n i q u e l y   i d e n t i f y   t h e   t u p l e s   o f  a r e l a t i o n .  For i n t e r n a l  
schemas, a key is  one o r  more a t t r ibu tes   having  a s p e c i a l   a c c e s s   s t r u c t u r e ,  
such as B-trees or hashing. 

LDB 
Local D a t a  Base 

LNC'!? 
Local Network Control Program 

MCP 
Message Control  Point 

MENS 
Mission  Element Needs Statement 
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METADATA  BASE 
An instance  of  a  DIMS  conceptual  schema  including  the  tables  produced  by 
the  schema  compilers,  precompilers,  and  translators. 

MIF 
Migration  Interface  Feature 

MSGRTNG 
Message  Routing 

1 NA Network  Adapter 

NAVIGATIONAL  DATA  MODEL 
A  data  model  representing  data  as  a  collection  of  records  where 
relationships  between  records  which  are  known  to  the  data  management 
system  are  represented  in  terms of name  connectors  called  non-information 
bearing  sets.  The  navigational  data  model  is  a  subset of the  CODASYL  DBTG 
model. 

NC 
Numerical  Control - Control of machines  by  computer  output. 

r NERTS 
Navigational  External-to-Conceptual  Translator  Run-Time  Subsystem 

NOS 
Network  Operating  System  (Control  Data  Corporation) 

NPC 
Navigational  Pre-Compiler 

OAST 
Office  of  Science  and  Technology  (NASA) 

OM 
Operating  Module 

os 
Operating  System 

os I 
Operating  Systems  Interface 

PCC 
Program  Control  Center 

PDB 
Process  Distributor  Block 
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PDF 
Pseudo  Display File 

PDR 
Preliminary  Design  Review 

PE 
Processing  Element 

PIN 
Program  Item  Number 

PMD 
Post  Mortem  Dump 

PNR 
Partitioned  With  No  Redundancy 

PS 
Pre-Compiler  Subsystem 

PWR 
Partitioned  With  Redundancy 

QLS 
Query  Language  Subsystem 

QRTS 
Query  External-to-Conceptual  Translator  Run-Time  Subsystem 

QUERY  LANGUAGE 
A  self-contained  language  allowing  users  access  to  an  IPAD  data  base  using 
relational  external  schemas  to  represent  the  user's  view of the  data  base. 

RELATION 
A  table  where  each  column  heading  (or  domain)  is  a  member of the  collection 
of  sets Dl, D2, ..., Dn  and  each  row is member of the  set of n-tuples or 
Cartesian  product on Dl, D2, ..., Dn.  Given  a  collection of sets 
if  it  is a  set of n-tuples  (dl, d2, ..., dn)  such  that dl belongs  to Dl, 
d2  belongs  to D2, ..., dn belongs  to  Dn. 
Dl, D2r - - - I  Dn (not  necessarily  distinct),  R is a  relation of these  n  sets 

RELATIONAL  DATA  MODEL 
A  data  model  representing  data  as  a  collection of relations  where 
relationships  between  relations  are  represented  in  terms of comparable 
fields.  (There  are  no  predefined  relationships - these  are  carried  in  the 
data. ) 

RELATIONAL  INFORMATION  MANAGER 
A  prototype  data  base  management  system  based  on  the  relational  data  model. 
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R I M S  
Relational  Information Management System - A prototype  of a proposed IPAD 
data  management system. 

Rp 

Request  Processes 

RUN-TIME SUBSYSTEMS 
Components of a data  base management system  invoked a t   t h e  time of 
execution of process  user DML commands. 

S A "  
Systematic  Activity Modeling Method (Boeing Computer Services) 

SCHEMA 
A descr ipt ion  or   def ini t ion of a data  base 

SCL 
Scalar 

S GA 
Shared  Global Area 

SM 
Source Module 

SP 
Server  Processes 

SPR 
Software Problem Report 

TCP 
Transport  Control Program 

TDF 1 Transformed Display F i l e  

TIGS 
Terminal Interactive  Graphics Systems 

TPE 
Technical Program Element 

TUPLE 
A row of a re la t ion ,   a l so   re fe r red   to   as  an n-tuple. I n  IPAD documents 
the  terms  "n-tuple" and ''record''  are used interchangeably. 

ucc 
U t i l i t y  Command and Control 
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UF 
User Function 

UI 
User Interface 

VDB 
Versioned Data Base 

VDBP 
Versioned Data Base Processor 

VMCF 
Vertical Machine  Communication Facility 

WBS 
Work Breakdown Structure 
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